1600: be ate = > 
Keepin ng the 


siLicon & 
euir 


on 


go Harmonic 
n Harmon 


a Harmon 
THD 3 Har nas 
off 
2 we pe any Ss . 


{©} operatelow Battery 


— 
cip @ 


— 


¢ 


a 
APRIL 2015 


"pP255003/0": at 


sod: Nzs412 7 


OR io 


frexter 











Jaycar 
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Due to extreme popularity, we have hugely 
expanded our range of Arduino compatible 
boards and pcDuino mini PC system. Find out 
more inside the 2015 catalogue! 


Le 


Threshold Voltage 
Switch Kit SILICON CHIP JUL ‘14 Kc-5528 


A versatile device to switch a relay when its input voltage 
crosses a threshold. Use it to prevent a lead-acid battery from 
being over-charged, or to trigger an extra fuel pump under high 
boost or anti-lag waste-gate shutoff. 


Kit supplied short-form with double sided, solder-masked and screen-printed PCB, 
onboard relay and electronic components. : 


¢ PCB: 107 x 61mm 


é 4 ter fe ; 5 


Electronic Thermostat Kit 
SILICON CHIP AUG ‘14 kc-5529 


This electronic thermostat is ideal for converting a chest freezer into 
an energy-efficient fridge, converting a fridge into a wine cooler or 
controlling heaters in home-brew setups, hatcheries and fish tanks. 
It controls the fridge/freezer or heater directly via its power cable, so 


there’s no need to modify its internal wiring. 
Kit supplied short-form with silk-screened PCB, 30A SPST relay, temperature sensor with 


clamp assembly and components. : - f : e 
* PCB: 104 x 80mm = GATATOGUE 
f UT NOW! 
Mini-D 2 x 10W Class-D Amp Kit 


SILICON CHIP SEP ‘14 Kc-ss30 ~ 7060+ PRODUCTS 


This compact amplifier can deliver 10W per channel stereo 


or 30W mono, and is powered by DC for busking running of 
a battery. Output power depends on operating voltage (8 to fe) 2 8) + N E W P R 0) ) U C Ei AS) 
25VDC) speaker impedance (4 to 8 Ohm) used. 


Supplied with double sided, solder-masked and screen-printed PCB, and ALL SMD 5 4 8 P A G E S 
components pre-soldered to the PCB. 


¢ PCB: 85 x 46mm 


Catalogue Sale 24 March - 23 April, 2015 Follow us at facebook.com/jaycarelectronics To order phone 1800 022 888 or visit www.jaycar.com.au 
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16 Airborne Weather Radar: Keeping Aircraft Safe 


Airborne weather radar enables aircraft to avoid extreme weather to ensure 
safety and passenger comfort. We take a look at the technology and the huge 
advances that have been made in recent years — by Dr David Maddison 


24 Review: National Instruments VirtualBench 
VirtualBench is a computer-driven 2-channel 100MHz digital oscilloscope, 
34-channel logic analyser, waveform generator, 3-output adjustable power 
supply and multimeter, all in one box. It also mates with National Instruments’ 
LabView software for automated measurement & testing — by Nicholas Vinen 


89 Review: Keysight MSO-X 3104T Oscilloscope 
Keysight's updated MSO-X 3104T midrange scope adds a number of new 
features, including a touch-screen, without a price increase. Nor is there any — 
need to return the unit to a service centre to upgrade the bandwidth all the way ig 
from 100MHz to 1GHz — by Nicholas Vinen 


Prrojeictsmlon Build 


30 Appliance Insulation Tester 
Do you think that your 230VAC-powered tools and appliances are safe because 
they are double-insulated? The only way to be reasonably sure is to test them 
using our new Appliance Insulation Tester — by John Clarke 


42 A Really Bright 12/24V LED Oyster Light 
Got a boat, RV or 4WD, etc? Here’s a low-cost, 1000+ lumen “Oyster” LED light 
fitting for when you don’t have mains available (or even if you do). It runs from 
12-24VDC or from 230VAC via an optional mains adaptor — by Ross Tester 


Appliance Insulation 
Tester — Page 30. 


<= 
, ' , A Really Bright 12/24V LED Oyster 
58 Build A Low-Frequency Distortion Analyser Light - Page 42. if 


Concerned about the quality of your 50Hz 230VAC supply? Want to measure 
the harmonic distortion of the lower frequencies from your loudspeaker system? 
This unit will measure the distortion of any 3-20VAC sinewave signal in the 
range of 50-1000Hz — by Nicholas Vinen 


72 WeatherDuino Pro2 Wireless Weather Station, Pt.2 
Second article this month describes the transmitter circuit and the assembly 
details. We also describe the software installation and look at the various 
sensors that are available — by A. Caneira & Trevor Robinson 
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53 Serviceman’s Log Build A Low-Frequency Distortion 
| hate letting anything beat me — by Dave Thompson Analyser — Page 58. 


80 Circuit Notebook 
(1) Hard Drive Brushless Motor Controller With Speed Control; (2) Lithium 
Battery Cell Equaliser; (3) PICAXE-Based Next Number Display System 


84 Vintage Radio 
The AWA 897P: Australia’s first transistor radio — by lan Batty 
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Publisher's Letter 


We live in a time of plenty and 
we should all be optimistic 


Do you get sick of all the bad news on the media? Ev- 
ery day there seems to be another dire story about things 
getting worse: more pollution, more floods, more fires, 
deaths, more noise, more disease, scarcer resources, 
energy becoming more expensive — the list goes on 
and on. And yet for the vast majority of people, life is 
not getting worse, life is getting better; profoundly so. 

Consider, for example, the increasing cost of energy 

and in particular, the burden that air-conditioners place on our electricity grid. 
For me, that burden is not bad; that is good. Fifty or sixty years ago in Australia 
virtually no households had air-conditioning; not even the richest people had 
it. The same applied to most office buildings. So in summer we all sweltered 
and many older people died of heat stress. In winter, we shivered and older 
people were more likely to die of cold or succumb to influenza. 

But now, most households can afford air-conditioning and unless people are 
living in areas where they get cooling sea breezes in summer, they elect to have 
it. And nor do they necessarily moan about the resulting electricity bills. You 
want the comfort? That’s what it costs! Really, the only argument is whether 
the electricity tariffs should be as high as they are. I would argue that they are 
artificially high, partly because of subsidies for renewable energy. But by and 
large, most people are significantly more comfortable, happier and probably 
live longer because of air-conditioning. It is a blessing. 

And what about air and water pollution, soil degradation, desertification 
and so on? Again, it is pretty easy to gain the impression that everything is 
getting worse. Well, in the cities of most developed countries of the world, air 
and water pollution is demonstrably better than it was in past decades. Similar 
comments apply to soil degradation. Better farming techniques in the advanced 
countries are slowing the process of soil degradation and as living stands rise 
in the developing countries, you can see the process of improvement again, 
with China being a prime example. 

And think about the range of entertainment that we now have. Fifty years 
ago in Australia, we did have black and white television in the cities but many 
households did not have it. Nor did most households have hifi systems. Indeed, 
many homes did not even have a telephone. Microwave ovens, dishwashers, 
automatic washing machines, clothes dryers — what were they? Computers, 
smart phones? — science fiction! And what about developments in medicine 
with heart, lung, kidney and even liver transplants, hip and knee replacements 
and so on? Now look at us! The march of technology has brought unimagi- 
nable improvements to virtually every aspect of our lives — at least they were 
unimaginable fifty or more years ago. 

So why is the news so dire? Why are some people so worried about resources 
getting scarcer or climate change? As far as natural resources are concerned, 
I cannot think of one that is becoming scarcer. Sure, fish stocks have been 
badly depleted in parts of the world but I have no doubt that, with the move 
to large-scale fish farming, even that may be reversed in the future. After all, 
look at the rising whale numbers around the world. 


Which finally brings me to climate change. Why are we so worried? In the 
past, human ingenuity has adapted to much more adverse conditions and man 
has thrived. I have no doubt that the wonders of technology over the next fifty 
years will again bring unimaginable improvements to our lives. We couldn’t 
imagine them in the past and we cannot necessarily imagine future improve- 
ments right now, can we? Be optimistic; I certainly am. 


Leo Simpson 
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Chargers - All Types 


New Look Intuitive Design 


To reflect our commitment to being the biggest supplier of quality 
products as well as the go-to resource for industry knowledge and 
expertise, Master Instruments is proud to unveil our new website. 
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Still boasting over 35 years of cross reference research in our 
database, the new and improved website features: 
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An easy to navigate design, with products grouped in more 


intuitive categories. 


An optimised search engine to quickly find the right product. 
Detailed results pages complete with specifications, clear 
images, datasheets (where available), cross reference listings, 
and even recommendations for chargers, power supplies or 


other accessories. 








What's New: Knowledge Centre 


The Knowledge Centre is a fantastic new section where users will 
find guides, fact sheets and other relevant information including: 
* Battery basics - FAQs, storage, definitions and more. 

¢ Battery transport regulations. 
* Engineering requirements and guides. 
* The latest industry news. 
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We Can Help: Industry Solutions 


Master Instruments has access to the world’s most highly regarded 
suppliers of batteries of all chemistries (including the relatively new 
lithium iron phosphate technology) and assembly parts. 


That's why we've introduced the purpose built Industry Solutions 
section, with information on how we can work in tandem in 
planning and designing a portable power solution tailored to the 
specific requirements of any application. 
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Letters and emails should contain complete name, address and daytime phone number. Letters 
to the Editor are submitted on the condition that Silicon Chip Publications Pty Ltd may edit and 
has the right to reproduce in electronic form and communicate these letters. This also applies to 


submissions to “Ask SILICON CHIP” and “Circuit Notebook”. 


Help required for 
kite record attempt 

My world altitude record was in- 
cluded in “Reach For The Sky” in the 
February 2015 issue; excellent article 
by the way! I am by no means an 
electronics expert and have a basic un- 
derstanding of radio, GPS and telem- 
etry. In 2006 I purchased a GPSFlight 
telemetry system from the USA. This 
includes on-board 900MHz spread 
spectrum Maxstream radios coupled 
to a u-blox GPS receiver. The ground 
transceiver is a Maxstream connected 
to a PC Win 7 laptop via USB. 

The flight module was troublesome 
for a couple of years, with two replace- 
ment units, however the original in- 
terface board had auxiliary pins for a 
barometric altitude module (BAM) and 
a temperature module. Unfortunately, 
these units were lost in return mail 
to the USA. My current board has six 
spare pins and 1am assuming these are 
for those auxiliary modules. 

GPSFlight suffered in the GFC and 
has closed. The last units available 
about three years ago had the optional 
modules listed. I am hopeful of finding 
temperature and barometric modules 
that may work but the temperature is 


STXe Telemetry Platform 


Expansion Board 
Port 





most important as we plan on flying 
a train of big kites to over 40,000 feet. 

The software that interfaces with 
the telemetry is called GPSFlight 
Dashboard (the free version) and GPS 
Team, the fully featured version. Both 
these have barometric and temperature 
on their displays. These spare pins 
show about 3V. I was hoping that 
suitable modules would be available 
and work on my boards. I have seen 
various small OEM modules but I have 
no idea how they would interface with 
the board or the software. 

I have found images of the 2003 
GPSFlight interface board as well as 
the optional Baro sensor PCB, although 
the latter is quite blurred. It has six 
pins on one side and three on the other. 
I’m looking for a pin assignment dia- 









gram but it’s difficult as the company 
shut three years ago. 

The 2006 version is fairly close to 
this design but has another row of three 
pins in the middle of the interface 
board. I don’t know what goes on the 
2-pin auxiliary. I was hoping that your 
team or readers may have some ideas. 

Bob Moore, 

Baulkam Hills, NSW. 


Teething problems with 
the $5 Wifi Server 

Ihad some trouble setting up the $5 
WiFi server described in the December 
2014 issue and the following tips may 
help others. The connection diagram 
of Fig.4 on page 32 contains an error. 
The Micromite COM1: TRANSMIT is 
shown as pin 23 but is actually pin 21. 

The Terminal Program listed on 
page 35 opens COM1 at 115,200 baud 
whereas the ESP8266 modules I pur- 
chased (vendor: www.ai-thinker.com 
Version:0.9.2.4) communicate at 9600 
baud. 

It is essential that the AT commands 
sent to the ESP8266 are terminated 


The most versatile Educational Robotic System in the world! 
Features include: 


You're a controller 
Scan barcodes to make 


e Affordable 


« LEGO® Compatible 


e Programmable 
Versatile 
Range of free 


Edison perform new tricks! 


Youre a programmer 


Program with an icon-based 


drag & drop interface! 


Youre a builder 
Make your LEGO® come alive! 





downable resources 
Educational & Fun! 


For more info and heaps of free resources, 
meet Edison at wiltronics.com.au 


=i. WILTRONICS 


Ph: (03) 5334 2513 | Email: sales@wiltronics.com.au 


All brand names & logos remain the property of their registered owners. LEGO and the LEGO logo are registered trademarks of the LEGO Group. 
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Broadcom BCM2836 ARMv7 Quad 
Core Processor powered Single Board 
Computer running at JOOMHz 


1GB RAM so you can now run bigger ‘i 
and more powerful applications ’ 


Identical board layout and footprint as he 
the Model B+, so all cases and Srd party 
add-on boards designed for the Model 
B+ will be fully compatible. 


Fully HAT compatible 


4Opin extended GPIO to enhance your 
"real world" projects 


10/100 Ethernet Port to quickly 
connect the Raspberry Pi to the Internet 


Compatible with Microsoft Windows 10 


Order Code: Make, Learn, Design faster with 
the new Raspberry Pi 2 Model B 1GB 





G& ma Get Started 


mAN > ~S 








ungry for inspir ion? Search our ; Take your Pi further and accessor If you’re completely new to Raspberry Pi, 
collection of Raspberry Pi Projects or share our complete range of add-ons then we're here to help. Find easy to 
with us your Pi creation! understand guides and step-by-step videos. 


WEBSITE: au.element14.com PHONE: 1300 361 005 SALES: au-sales@element14.com 
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indefinite short-circuit pro- & 
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NTP-010 


$89.95 ea + GST 
W LED Lighting Transformer 
tra compact electronic 
hting transformer is 


itable for halogen & LED , 
htig installations. Screw 
rminals for input & output. 

U: PSA-001 


chet Crimping Tool Kit 

des 5 popular die sets 

h can easily be swapped 

g the Allen key included 
the kit. The kit is housed in 
rugged easy to carry plastic 


Pe 
U: HET-020 
ice:$39.95 ea + GST 








W, 1.8 m mains lead. 
Price:$11.95 +GST 
Photoelectric Detector 


detect presence of an 
ruder by using an infrared 
nsmitter & photo-electric 
ceiver. 12 to 24 VAC/DC 
wered with detection distance up to 1 

It features alarm output with NC & NO 





keyboard for operator 
ck & control. 20.4 to 28.8 


$149.95 ea + GST 


Relay Card 
nel, 12 VDC pow- 
card with wide 
put configurations. 
can be activated 
nput voltage 
terminals. Each 
an indicator LED. The relay is 
240 VAC or 10 A @ 28 VDC. 
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Mailbag: continued 


Errors in Spark 
Energy article 

I noticed the following errors in 

the February 2015 issue of SILICON 
CHIP. 
(1) On page 48, in the righthand col- 
umn in the section “Estimating Spark 
Energy”, there is a sentence which 
says “So for this example a -30mA 
peak spark current has an average 
spark current of about 15mA over a 
2ms interval. The charge transferred 
across a 1000V load (the spark) is 
about 30mQ (millicoulombs) result- 
ing in about 30mJ (millijoules) per 
spark.” 

The error is in the amount of 
charge. 30mA for 2ms is 60uC (mi- 
crocoulombs) not millicoulombs. 
However, the maths is correct in the 
following paragraph. 





with CR+LF. My installation of Tera 
Term defaults to Newline=CR. This 
must be changed to Newline=CR+LF 
for transmit in Setup->Terminal. 
Greg Donnan, 
Anakie, Vic. 


Mains Moderator saves power 
& protects appliances 

Our line voltage here in Perth sits 
very close to 250VAC RMS, so I de- 
cided to build the Mains Moderator 
from the March 2011 issue. I also fitted 
the Soft Starter from the April 2012 is- 
sue down stream and a wireless GPO 
controller up stream, to power our 
LCD TV plus separate amplifier and 
DVD player. 

I used the Appliance Energy Meter 
(SILICON CHIP, July & August 2004) to 
measure the power with and without 
the Mains Moderator and found a sav- 
ing of 30W. This saving is all the time 
the TV is on. Of course, I expect the 
inverter life to be improved, as well. 

Luckily, the TV memorises its status 
and channel, so when it is switched 
on with the remote power switch, up 
it comes and with no “bang” as all 
the capacitors in the TV and amplifier 
charge up softly. On switch off, the 
standby power is a little less than 2W. 
The PVR is permanently powered from 
a separate GPO, as it needs to wake 


(2) Page 62 in the section titled “Cali- 
brator circuit”” reference is made in 
the test to “... with a repetitive 2ms 
-5V pulse across the 150W 5W resis- 
tor.”. It should of course read 150Q 
5W resistor. 

(3) Page 59 bottom right corner: the 
text says “The inverting input, pin 
3, normally sits... .”. The inverting 
input is pin 2 not pin 3. 

Lalso wish to say that I thoroughly 
enjoy Leo Simpson’s editorials. I 
don’t always agree with them but I 
always find that they give me food for 
thought. I enjoy reading his thoughts 
on the wide variety of subjects he 
covers. Keep it up, please. 

David Williams, 

Hornsby, NSW. 

Comment: these errors have now 
been fixed in the online edition. 


itself up to begin scheduled record- 
ing. Ah — the wonders of technology! 
Ian Thompson, 
Duncraig, WA. 


Deluxe GPS 1PPS Timebase 
interface adaptation 

I used the Deluxe GPS 1PPS 
Timebase (SILICON CHIP, April 2013) 
project to provide the interface for a 
Trimble Resolution-T GPS module. 
This module runs off 3.3V, however 
as its output signal HIGH level is only 
about 2.85V, it is not compatible with 
the 40106B specified for IC1 which 
has a higher input threshold. 

Substituting a 74HCT14 which has 
a lower threshold but still shares the 
same pin-outs fixed this issue. This 
may be of interest to others contem- 
plating the use of 3.3V modules. 

The Trimble module has a par- 
ticularly stable 1PPS output with 
standard deviation jitter of less than 
12ns and this makes it a good choice 
for feeding a frequency counter or a 
disciplined oscillator. Used modules 
sell for about US$25 on eBay (my unit 
had a build date of March 2013 and 
looked near new). Trimble provides 
excellent monitoring software which 
is freely available —see www.trimble. 
com/timing/resolution-smt-GG.aspx 


and click on VTS software. 


siliconchip.com.au 











To make full use of the many soft- 
ware features, forward control of the 
module is required. I used a simple 
NPN transistor circuit with a 10kQ 
base resistor and the collector con- 
nected to the module’s Rx input, with 
the pull-up resistor reduced from 10kQ 
to 1kQ. The base resistor then connects 
to pin 3 of the DB9F serial connector. 
As negative voltages can be present 
on pin 3 of the connector, I placed a 
protection diode between the base and 
emitter of the transistor. 

Software features include a Google 
Earth view position map, satellite 
almanac and ephemeris data. The de- 
fault data protocol is proprietary TPIS 
although the modules can be switched 
to NEMA. The module does require an 
external active antenna with an SMB 
female connector (US$7 on eBay). 

The module draws about 110mA 
plus about another 10mA or so for the 
antenna. Hence a 1A LM3940 or simi- 
lar regulator must be used for REG1 
and the output capacitor increased 
from 10nF to 33pF. 

Trevor Woods, 

Albany, NZ. 


Impact driver operation is more 
complex than may be thought 

The dynamics of impact drivers are 
not as simple as some might have us 
believe. Alan Torrens’ explanation on 
page 6 of the March 2015 issue is essen- 
tially correct. However, the dynamics 
are not that simple. For example, the 
force (torque) on the nut or bolt is far 
from constant and so in using the equa- 
tion which expresses the Conservation 
of Momentum what is the torque on 
the nut or bolt? 

Certainly, the torque exerted by the 





wrist on the wrench can reasonably be 
taken as a constant. In the case where 
the wrench makes good progress with 
each impact and the nut or bolt rotates 
quite a bit with each impact then using 
the Conservation of Momentum equa- 
tions will give a good approximation. 
But the maximum torque rating of the 
device as quoted in the January ques- 
tion will not work with this equation. 

A more complete explanation is as 
follows. In the first instance, one needs 
to focus on the fact there are three free 
bodies involved: (1) the body of the 
driver including the handler’s hand, (2) 
the hammer inside the device and (3) 
the anvil which is struck by the ham- 
mer and which is connected in some 
way to whatever is being tightened. 

The dynamics of an impact between 
two otherwise free bodies needs to 
be precisely stated. When two bodies 
strike one another, the forces, which 
each exerts on the other, are equal and 
opposite. However, it is very important 
to realise that in the case of an impact, 
the magnitude of the forces referred to 
here are rapidly changing with time. At 
any instant in time, the force that the 
first body exerts on the second body 
is equal in magnitude and opposite in 
direction to the force that the second 
body exerts on the first body, so called 
“equal and opposite”, but that the 
magnitude of that force, is in general, 
rapidly changing. 

It is misleading and wrong to refer 
to them as having a magnitude F. “F” 
is not a constant but must be defined 
as F(t), a time dependent quantity. In 
some simplified configurations, the 
magnitude of the forces resembles a 
sinewave; certainly never a constant F. 

The device repeats a process which 


= WINDFREAK 
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RF Power Detector/ 
Scalar Network Analyzer 
0.344 - 4.4GHz 


SynthNv $999 (inci. cst) 
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can be divided into three stages: (1) 
time t1, when the hammer is acceler- 
ated towards the anvil; (2) time t2, 
during which the hammer strikes the 
anvil (the first time, tl, might be 100 
or more times longer than time t2); 
and (3) time t3, when the accelerated 
anvil exerts a force on the nut or bolt 
via the relatively elastic connections 
involving the socket etc. 

During period t1, when the free body, 
which is the body of the device and 
handler’s hand, exerts a force on the 
hammer, which is inside the device, 
the magnitude of that force might 
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Mailbag: continued 


reasonably be taken as a constant, 
say F1. 

During period t2, the free body, 
which is the hammer, ‘exerts a force 
on the free body which is the anvil, 
the dynamics of which are relatively 
complicated. The interaction depends 
on the shape and elasticity of the anvil 
and hammer. If the two bodies were in 
fact two rigid bodies and they met each 
other at the ends of an elastic spring, 
then the motions would be described 
as a sinewave starting at zero angle at 
first impact and ending when the angle 
is equal to PIE when they separate: half 
a sinewave. 

Note that there is no single value 
involved. However, an impact wrench 
is most effective if the impact is as 
short as possible and it is desirable to 
eliminate as far as possible any spring 
between the hammer and the anvil. 
What happens can best be visualised 
by thinking of two jellies hitting one 
another. All sorts of vibrations are set 
up. These can be calculated and are 
the Eigen Functions but suffice it is say 
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that t2 is very much shorter than t1. 

During period t3, measured also 
from the start of the impact, the free 
body which is the anvil winds up the 
shaft connecting the anvil to the nut 
or bolt. It is desirable for this connec- 
tion to be as rigid as possible. During 
t3, the torque in the connecting shaft 
between the anvil and the nut or bolt 
can reasonably be described as a por- 
tion of a sinewave up to the moment 
when the torque exceeds the friction in 
the threads etc, when the torque will 
remain relatively constant during the 
time when sliding occurs. The time t3 
is longer than t2 but shorter than t1. 
The softer the connection between the 
anvil and the socket the less effective 
the impact wrench. 

A non-critical observer might note 
that because there is a small torque 
exerted by the wrist for a long period 
of time and a large torque exerted on 
the nut or bolt for a short period of 
time, then these numbers seem as if 
they might fit into the equation stat- 
ing the Conservation of Momentum. 


But the mechanics and dynamics are 
more complicated than this equation 
describes. One needs to note what the 
equation expressing the Conservation 
of Momentum purports to describe. 
As stated above, when the wrench 
is making good progress tightening 
something, working well under its 
rated capacity, then for that situation 
alone, where the torque on the nut or 
bolt is constant at the sliding friction 
level for the time while the nut is 
moving, and because the wrist torque 
is also reasonably constant, then the 
equation expressing the Conservation 
of Momentum can be used correctly. 
But for the situation where the 
wrench is developing its highest torque 
the torque on the nut or bolt will have 
a sinewave shape and the equation ex- 
pressing the Conservation of Momen- 
tum does not apply. Maximum torque 
is highly dependent on the elasticity 
of the connection to the socket. Any 
extension shaft will greatly dimin- 
ish the magnitude of the maximum 
tightening torque, as expressed in the 
January 2015 question on page 101. 
Dr Kenneth E. Moxham, 
Urrbrae, SA. 
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Recycling a cordless drill 

I was interested in the letter from B. D., of Hope Val- 
ley SA in the “Ask SILICON CHIP” pages of the February 
2015 edition and it has prompted me to record my own 
experience in this regard. I retrieved a cordless drill from 
arubbish dump because apart from the fact that there was 
no battery in it, it appeared to be in reasonable condition. 
Also it was a Bosch brand and made in Switzerland. 

The voltage rating was 14.4V, the same as a LiPo battery 
I had bought having read the article in SILICON CHIP about 
these batteries. I wired the battery to the drill using Ander- 
son Powerpole connectors and was pleasantly surprised 
by the performance which was excellent — plenty of power 
and with the 4Ah battery, it goes for ages. The battery is 
attached to the base of the drill with cable ties and as the 
DC connectors are accessible, the battery can be recharged 
easily. It’s new life for a good old drill. 

Keith Gooley, 

One Tree Hill, SA. 


Wireless audio repeater for PA system 

I recently had occasion to build a PA system for my 
club. One consideration I wanted was to feed the signal 
to the rear of the room wirelessly. The distance was about 
15 metres and running cables to rear speakers was really 
not acceptable. 

I spent a great deal of time and effort on systems like 
Bluetooth — unacceptable latency — FM transmitters and 
hours on the internet looking for suitable systems. In the 
end I hit on the idea of modifying a wireless microphone 
and it works really well. I just thought I'd pass it on to you 
and your readers should it be of interest. 

Briefly, I used one of the dual BNK B701 microphones 
at $50 plus shipping off eBay (also used for the club’s two 
wireless microphones). The board was removed from the 
microphone and a 3.5mm mono socket was substituted 
for the microphone. There was a 47kQ resistor in series 
with the compander input so I raised that to 470kQ and 
replaced the washer shaped antenna with a telescopic 
version. As the regulations only specify input power into 
the antenna it is still legal. 

It was installed into a plastic box from Jaycar with a front 
LED replacing the internal microphone LED, an ON/OFF 
switch and a 9V battery compartment with external access. 


See 
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DEK and LPKF 
Solder Paste Stencils 


DEK VectorGuard stencils, now manufactured 
in Australia by Mastercut. 


DEK VectorGuard LPKF ZelFlex Standard Mesh Mounted 


Reduce the overall cost of your stencils and simplify 
your stencil storage with a proven, reusable framing system. 
Frames for almost any stencil can be provided. 


Benefits ... 
Superior tensioning 
Reduces storage 
Reduces shipping 
Environmentally friendly 


Over 20 years experience 
Super LPKF accuracy 

- Fast turnaround 
Australian made stencils 


07) 5576 1900 
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Technologies 
vww.mastercut.com.au 


Your thin metal experts 





It transmits from the front amplifier to the BK701 re- 
ceiver, then to a $25.00 Lepai 2020A+ amplifier and then 
two stereo speakers, one each side at the rear of the room. 
I used a 15-metre 250VAC extension lead from Bunnings 
with the plug and socket cut off and a 0.25-inch mono 
plug to connect the second speaker. 

I used an ALDI Livingston FA-30 I had lying around 
at the front which as well as the repeater also drives (by 
cable) a second Lepai 2020A+ which in turn drives two 
Pioneer car speakers in pods mounted one above the other, 
which I also had lying around. 

I did find that the with the Lepais mounted on the side of 
the speakers, vibration caused the volume control to alter. 
I moved them and I have also successfully replaced one 
volume pot with a $15 20kQ linear stepped attenuator from 


OKW 


GEHAUSE 
SYSTEME 


www.okw.com.au 


APRIL 2015 9 











Mailbag: continued 


LED lighting can 
cause interference 

LED lighting is very popular as it 
is efficient and the LEDs last a long 
time. I used to work in the predeces- 
sor to the ACMA as an interference 
investigator, hence I still get asked 
by people about the causes and cures 
of severe interference to television 
and radio reception that they may 
be experiencing. LEDs themselves 
do not cause interference but the 
power supplies to change the input 
supply voltage to that needed for the 
LEDs in many instances do. 

I would suggest that current and 


eBay. At 220-230MHz, these wireless 
microphone transmitters go through 
walls very nicely —at least they did for 
me. I also tried converting a GI-TECH 
GT-02 wireless microphone but the 
quality is not so good. 

Josh Stevenson. 

Moe, Vic. 


Improvements to Poor Man’s 
High-Voltage Probe 

With respect to my high-voltage 
probe circuit, as featured on page 84 of 
the March 2015 issue, I found that in 
practice it was better to make the 4.7pF 
capacitor a 10pF variable type. This 
allowed me to adjust rise time for both 


potential users of LED lighting make 
sure that the lights do not cause in- 
terference. They should have a com- 
pliance sticker on them to indicate 
that all relevant EMC/EMI standards 
are met. However, I have found items 
with compliance stickers on them 
have created considerable interfer- 
ence (compliance labels are quite 
cheap!). Many of the interfering LED 
lights are sourced cheaply over the 
internet. I have made sure that all 
my LED lighting does not cause any 
interference. 

Rodney Champness, 

Mooroopna, Vic. 


(+) and (-) inputs independently to get 
optimum “no overshoot” rise times for 
each input. The nett effect was to get 
a very clean rise time for both single- 
ended and common mode responses 
and optimised high frequency CMRR 
(common mode rejection ratio). 

In future, I may modify my unit to 
use +15V external supplies, to allow 
+1200V signals to be monitored. I 
have used it successfully to monitor 
voltages in a 240VAC CFL light power 
supply. The 1mV p-p output noise lim- 
its measurement to >100mV p-p at the 
input but adding a 100kHz low pass fil- 
ter (10kQ/150pF) to the output allows 
high-frequency noise to be suppressed 


so you can make measurements above 
20mV p-p referred to the input. 

If you are interested in <10kHz re- 
sponses then the output filter could 
be reduced to 10kHz (10kQ/1500pF). 

Peter Kay, 

Dromana, Vic. 


Suggestion for a CAN bus 
watchdog project 

I have an automotive EFI engine 
that I would like to have monitored 
by a watchdog device, ie, an alarm/ 
relay would operate when a monitored 
engine parameter is operating outside 
of a pre-programmed window (eg, 
coolant temperature or oil pressure). 
This is particularly useful for engine 
protection. 

A project such as this would suit 
people who do not want to or can’t be 
looking at their engine instruments 
regularly. It would especially suit 
engines that are fitted to vehicles that 
don’t include an OEM CAN bus style 
instrument cluster, such as boats, race 
cars, kit cars, engine upgrades. 

In particular, I have a requirement 
for an MIL (malfunction indicator 
light) for registration purposes. I have 
a kit car with a Ford Coyote engine in- 
stalled. In its native application (Ford 
Mustang), the MIL light is part of the 
instrument cluster which receives its 
status via the CAN bus. As this instru- 
ment cluster is not used in my car, there 
is no simple way of driving a MIL. This 


“Rigol Offer Australia’s Best 
Value Test Instruments” 


RIGOL DS-1000E Series 
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FULL DUPLEX 
COMMUNICATION 
OVER WIRELESS 
LAN AND IP 
NETWORKS 


Icom Australia has released a revolutionary 
new IP Advanced Radio System that works 
over both wireless LAN and IP networks. 


The IP Advanced Radio System is easy to set 
up and use, requiring no license fee or call 
charges. 


To find out more about Icom’s IP networking 
products email sales@icom.net.au 


WWW.ICOM.NET.AU 
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Mailbag: continued 


How to determine transformer 
winding voltages 

I have just read Nicholas Vinen’s article in Service- 
man’s Log pages of the February 2015 issue and I want 
to comment on his derivation of winding voltages. In 
the case of the input winding being open circuit and 
a good guess at the voltage of one of the secondary 
windings, the easier way is to feed a mains frequency 
voltage of say half the nominal voltage into the known 
winding and then measure the voltage on the remain- 
ing winding(s). 

The ratio of these voltages will give the no-load 
voltage of the unknown winding. Also, if none of the 
winding voltages are known and a Variac is available, 
an estimate of the voltage can be obtained by monitor- 
ing the input current (the magnetising current) while 
increasing the voltage. The current will rise quite 
quickly just after the nominal voltage is reached due 
to magnetic saturation. 

Sometimes it is possible to gain access to the ther- 
mal fuse and short it out. Of course, this removes the 
protection but it is no worse than the solution adopted 
in the article. 

Charles Borger, 

Croydon, Vic. 





is a very common problem for people installing modern 
engines into vehicles with custom instrumentation. 

I thought I would mention this idea for a project as I 
have not been able to find anything commercially available 
other than industrial engine controllers for generator sets 
and marine diesels. There are certainly plenty of people in 
the kit car, hot rod and race scenes that would make good 
use of such a project. 

As said by many others before me, thank you for an 
excellent magazine, with a great technical balance. 

Nigel Allen, 

Magill, SA. 


NBN connection at last 

I finally bit the bullet and had the NBN connected. I went 
with TPG because they offered far and away the best deal 
($79.95 per month with unlimited just about everything). 

Icannot fault their service; everything went very smooth- 
ly and it all just works. Pulse dialling is not supported but 
everything else (fax, answering machine etc) works seam- 
lessly. I can talk on my old phone and pick up calls with 
it but I have to dial out with a different phone. 

Ironically, I picked up the very first call that came in with 
my 60-year-old phone and it was a man with a very strong 
Indian accent trying to tell me he was from Microsoft and 
that my computer has a virus in it! 

The only minor snag was that even though Telstra had 
disconnected my service and ported my number to TPG, 
the phone line was still connected to something, so when 
I plugged a phone cable into the NBN box and plugged the 
other end into a phone point, I just got a horrible growling 
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noise. Anyway, I just snipped the wires where they enter 
my garage and that was that. 

Which brings up an interesting point: since my internal 
phone wiring is now only connected to the outside world 
by a fibre-optic cable, I should be able to connect anything 
I like and modify the wiring any way I like. 

Keith Walters, 

Riverstone, NSW. 


Climate change 
& technology 

With regard to the Publisher’s Letter in the February 2015 
issue, I don’t fully agree with your policy that peripheral 
electrical/electronic subjects should be covered in SILICON 
CHIP magazine. I don’t buy it for that. 

One aspect of Climate Change (about which I’m happy 
to be called a sceptic) that has an electronic/engineering 
dimension is how the temperature of the Earth (absolutely 
or relatively) can be meaningfully defined — to within a few 
degrees, let alone tenths or hundredths of degrees. 

The definition has to include the atmosphere somehow 
or other I would think, not just the surface. And whether 
one averages daily maximum and minimum for a daily 
figure —and why. And how to average say seaside/sea-level 
Sydney with inland/altitude Canberra? 

Assuming a definition can be agreed somehow, how 
can meaningful measurements be made to within tenths 
or hundredths of degrees, even at ground level, let alone 
altitude? And assuming all the above can be done, how can 
today’s measurements be melded with historical numbers? 

And finally, why are solutions to possible future prob- 
lems only looked at in the context of today’s technologies? 
SILICON CHIP readers, especially the older ones, have seen 
enormous technological changes contributing to improved 
quality of life for many if not most. 

Surely it is at least equally appropriate to be optimistic, 
rather than pessimistic, about the future ingenuity of the 
human race in mitigating any problems, and coming up 
with brand new solutions and initiatives. This seems far 
more likely to me, as a retired engineer, compared with 
any problems which might flow from unlikely, small tem- 
perature rises in some places. 

Mike Dinn, 

Canberra, ACT. 


Time domain reflectometry on the railways 

With respect to the articles on Time Domain Reflectometry 
in the November & December 2014 issues and a subsequent 
letter in the Mailbag pages, you may find this of interest. 

Many years ago I was told that VicRail used a TDR to 
find the location where a train overhead power line had 
come down. From memory this is how it worked: I was 
told that they had an overlay that they would put over the 
TDR screen. The overlay showed what the trace should 
look like if the power line was OK. The point where the 
measured TDR trace was different would show where the 
power line was down. 

Also marked on the overlay were the locations of road 
crossings and buildings. The point where the traces were 
different with reference to road crossings etc indicated 
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Finally! Here's a fully featured Arduino 
Shield that not only solves the stacking 
problem but also uses robust 240VAC 
connectors to control mains devices. 
The BCS Mega-Shield is the one Shield 
that will enable you to control real- 
world high-powered industrial systems. 


The BCS Mega-Shield has been designed with 
the following parameters in mind: 
Switching of mains voltage equipment. 
Control of stepper motors and DC controlled 
contactors. 
Analog inputs - 8 ADC, each of 10-bit 
resolution. 
Analog outputs - 4 DAC/PWM, each of 8-bit 
resolution. 
The Arduino EtherMega board's Serial 
Peripheral Interface (SPI) interface has been 
brought out. 
Synchronous detector. 
RS485 serial interface. 
RS232 serial interface. 
Universal power input: 12 - 50VDC. 
Real-Time-Clock. 
Temperature and Humidity Sensor. 
Piezo Buzzer, driven by one of the processor's 
many PWM channels. 


Find out more: 
www.megashield.com.au 


Level 2, 4 Sirius Rd, Lane Cove NSW 2066 
Tel: (02) 9420 3400 Fax: (02) 9420 3411 
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Mailbag: continued 


where to look and fix the overhead 
power line — an interesting applica- 
tion where reflections are normally 
there when the line is OK. The fault 
location is where the reflection is not 
as expected. 

It would be interesting to know if 
they still use this method today. 

Roderick Wall, 

Dandenong, Vic. 


Vintage radios should 
be kept original 

In recent years we have come to 
realise that not all old equipment be 
it cars, motorcycles, trucks, military 
weapons and radio sets should be 
fully “restored” to what the restorer 
imagines to be new condition. 

To illustrate, I recently visited the 
Portland Power Museum and among 
their beautifully restored motorcycles 
is an ancient machine in poor condi- 


- 


tion with side car that proudly boasts 
the sign, “Do not clean me—I am meant 
to look like this”. The machine is the 
classic “barn find” and is original in 
every way, including the patina caused 
by years of use and abuse. Interestingly, 
this exhibit drew much favourable 
comment from visitors. 

Don’t get me wrong — there is a place 
for restoration but just as importantly, 
we should sometimes conserve items 
that come our way so that future gen- 
erations can see the originals without 
our early 21st century makeover. And 
that is why I was horrified when read- 
ing the Vintage Radio pages in the 
March 2015 edition which described 
the “restoration” of a Tela-Verta 1948 
Musiclock Model 204C Mantel Radio. 
The source of my horror was the cap- 
tion: “Left: the clock mechanism (to the 
left of the tuning gang) was in a poor 
state and was replaced by a modern 


quartz clock movement”. 

Instantly the value of the restored 
radio in a historical sense has been 
destroyed. Also, I venture that the 
value to astute vintage radio collectors 
would be far less than ifthe inoperable 
clock was left in the radio. If the clock 
has torun, I venture that most electron- 
ics enthusiasts can run a lathe or mill 
to make replacement parts. After all, 
these machine tools are far easier to 
use than a modern oscilloscope. 

So, may I recommend to those bent 
on restoring old electronic equipment 
that they consider the conservation 
approach occasionally. Leave the 
marks and dings in the cabinet and the 
yellowed dials — these are the ghosts 
of our grandparents sitting in smoky 
lounge rooms listening to John Curtin 
say those famous words: “Every Aus- 
tralian should consider himself at the 
service of the government — whether 
he likes it or not”. 

Gerard Dean, 

Glen Iris, Vic. SC 


AUTOMATIC SMT 
PICK & PLACE 


SAVE TIME AND MONEY 


Automate your SMT prototype assembly process and 
free engineering time, improve prototype quality and 
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@ Up to 80 Feeders, 2 Trays 
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Oscilloscopes redefined. 

We've improved on the proven. The new Keysight 3000T Keysight Tektronix 
oscilloscope is the next-generation of the InfiniiVision Models 3000T X-Series* MD03000 Series** 
X-Series. With its zone touch triggering, you can trigger 


on any signal in just two steps. So you can isolate a signal = : i. 7 aaa AiMeheeis St ; EEK vik a 
in seconds—much faster than with any competing scope. ee Se ms/s 


Bandwidth 100 MHz-1 GHz 00 MHz-1 GHz 











The 30007 is also a 6-in-1 instrument. Along with your Touch Screen 8.5-inchCapacitve = NOU 
oscilloscope, you can get an MSO, WaveGen function Zone Touch Yes No 

generator, protocol analyzer, DVM and counter. Get in touch Triggering 7 
with the future of scopes. Take the Trigger Challenge today. Sample Rate 5 GSa/s 2.5 GSa/s (>= 500 MHz) 


5 GSa/s (1 GHz) 


Take the Trigger Challenge at: 
www.keysight.com/find/3000t KEYS IGHT 
AUS: 1800629 485 NZ: 0800 738 378 Unlocking Measurement Insights 


© Keysight Technologies, Inc. 2015 
* Refer to Keysight document 5992-0140EN for product specs, and 5989-7885EN for update rate measurements. 
** Competitive oscilloscopes are from Tektronix publication 48W-30020-3 
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Airborne Weather Radar enables flight routing to avoid extreme weather 
in order to keep passengers and crew safe and more comfortable — and 
to avoid damage to the aircraft. Huge advances have been made in this 
technology in recent years, including Rockwell Collins new “MultiScan” 
ThreatTrack Radar, released only last year at the Singapore Airshow. 


the year 2014 was perceived by many as a bad year 
for aviation — although that really depends upon 
how you analyse the statistics. 

According to the Geneva-based Bureau of Aircraft Ac- 
cidents Archives (BAAA) there were 111 aircraft accidents 
in 2014, the lowest number of accidents since 1927. The 
BAAA counts any aircraft crash in which the aircraft is 
certified for at least six people plus the crew. It also counts 
shoot-downs but does not count military aircraft except 
troop carriers and other aircraft that can carry more than 
six passengers. 

Deaths are a different matter, however and 2014 saw 
1,328 people die in aircraft crashes and shoot-downs, the 
most since 2005, according to BAAA statistical methods. 


‘Causes ra60a7ae fons 00s foods [average 
Pioténor | «2 | 36 [25 | 20 [20 | 4 | 32 
Plot or wenerwins | 10| 18 | 14 [16 [21 | 18 | 16 
Pilot Erorestntsivaws| 6 [9 [5 [2 [5 [5 [5 
otal Pioterar | 58 | 63 | 44 [7 | 5 | 57 | 
“Othertuman enor [3 [8 [9 |s isle 
Weater ste Po [pus [6 | 
“Mechanical Failure [21 [19 [20 [a1 | 18 | 22 | 
‘sabotage 8 | 8 [|e] w]e | 8 
Ohertuse <i o [2 }2t1 |i poy 4 


Fatal accident causes for commercial aircraft with 19 or 
more passengers on board from 1950 to 2010. Over that 
period weather-related fatalities, both involving and not 
involving weather-related pilot error have been a factor in 
28% of accidents. (www.planecrashinfo.com/cause.htm). 


D espite the fact that flying is the safest way to travel, 











co 
wR 
eS 
La 
NI 


> 
oO 
<] 
on 
N 
on 
oo 






a 






a 
[o>] 
hi 
> 
— 
> 





a 
ine) 
oO 
ip) 
=k 
rh 
oO 






rm 








16 SILICON CHIP 


However, according to the Aviation Safety Network (which 
counts only civilian planes which are certified for 14 pas- 
sengers or more and does not count corporate jets, shoot- 
downs or sabotage) in 2014 there were 692 people killed in 
aircraft incidents making it the safest year since 1945. This 
would obviously exclude the 298 killed when Malaysian 
Airlines flight MH17 was shot down over the Ukraine. 
According to the BAAA there were 163 weather-related 
fatalities in 2014 and 162 of those were on Air Asia flight 
QZ8501 that crashed into the Java Sea off Indonesia. The air- 
craft was an Airbus 320-200. Historically, weather-related 
aircraft fatalities due to crashes are a factor in 28% of cases. 
Avoiding weather of sufficient severity to put an aircraft 





Adverse weather effect on an aircraft: a lightning strike. 
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World’s first airborne weather radar — the ECKO airborne 
“cloud and collision warning search radar” from 1950. 


at risk is of particular importance. Planning to avoid poten- 
tially dangerous weather starts at the flight planning stage 
but after take-off weather continues to be monitored both 
from reports radioed to the aircraft and on-board weather 
monitoring systems, the most important of which are the 
pilot’s Mark I eyeballs! 

Some aircraft operating in some areas also transmit 
weather data to meteorological authorities where it is fed 
into weather models to supplement data from weather 
balloons and other sensors. 

Apart from the possibility of severe weather causing fatal 
aircraft crashes, amuch more common occurrence is injury 
to passengers and damage to aircraft caused by turbulence. 

In order to assist aircraft operators avoid bad weather 
once in flight they use aircraft mounted weather radar 
systems (radar is an acronym for RAdio Detection And 
Ranging). 

Airborne weather radar detects bad weather in the 
aircraft’s flight path and allows the pilot(s) to avoid the 
worst of it. 

Another primary purpose of airborne weather radar is 
to ensure that course deviations to avoid bad weather are 
kept to the minimum that is necessary to avoid the adverse 
weather, without adding excessively to the distance to be 
flown which increases the time taken and adds to operat- 
ing costs. 


A problem? 

The ability for radar to detect weather conditions was first 
noted during World War II where it was seen as a problem 
as radar returns from certain weather systems containing 
rain, snow and sleet could mask enemy activity. Ways were 
then developed to filter out such undesirable returns but 
scientists and engineers started studying the phenomenon 
after the war as a means to monitor weather and it has been 
extensively developed ever since. 

The first airborne weather radar was from the UK com- 
pany ECKO who, in 1950, developed the “cloud and col- 
lision warning search radar”. 

In later developments in 1953 a researcher with the I]- 
linois State Water Survey produced the first radar image of 
a “hook echo”, a particular type of weather radar signature 
associated with tornadoes. This demonstrated the viability 
of using radar to detect severe weather conditions and even 
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The first weather radar image of a “hook echo” which is 
associated with tornadoes, taken in 1953. 


provide early warning of developing severe conditions. 

Early ground-based and airborne weather radars provided 
information on the reflectivity of whatever targets they il- 
luminated but could give no information on the speed, of 
say, water droplets in a storm which would be indicative 
of wind speed. 

Initial research on weather radar systems focused on 
observations of the precipitation within a weather system 
and its development, movement and structure, as well as 
making observations of the relationship between the char- 
acteristics of the radar echo and precipitation rate. When 
there was a greater precipitation rate there were more water 
droplets for the radar beam to reflect from and therefore 
the radar return was greater. 


Doppler radar for weather 


In 1950s research began on Doppler radar for weather 
applications although the earliest Doppler radar systems 
were developed during World War II. 

The Doppler effect is the familiar property of a moving 
noise source such as a siren changing in frequency as it 
approaches an observer and then moves away. The same 
phenomenon applies to radar signals whose return echo is 
influenced by the velocity of the target they are bouncing 
off, such as rain drops. 

Early Doppler radars used large and sensitive analog 
filters and were not practical for airborne operation except 
under special circumstances. It required the development 


While Australia (and indeed most countries) have 
adopted the metric system, in aviation Imperial units are 
still used: heights are generally expressed in feet, distances 
in nautical miles and speed in knots (which is of course 
nautical miles per hour). 

You may also come across the term “flight level” with 
values between zero and perhaps 500. While a flight level 
strictly speaking is a barometric pressure (based on an in- 
ternational standard air pressure at sea level), it is conveni- 
ently used to express a height above sea level expressed 
in thousands of feet. Therefore an aircraft said to be flying 
at flight level 360 means it is 36,000 feet above sea level. 


APRIL 2015 17 





VISUAL TOP 






RADAR TOP 





A primary threat to en-route weather 
avoidance is the fact that thunderstorm cell 
tops are non-reflective because they contain 
ice - a poor radar reflector. 


of fast computers and digital signal processing in the 1970s 
and the development of digital Doppler radar to enable 
useful and easy to visualise weather information to be inter- 
preted from such Doppler shifts in the return radar echoes. 

As an aside, it is interesting to note that an unexpected 


Thunderstorm Vertical Reflectivity Characteristics 
(Based on Region) 


Height (Feet) 


@a2 Mid-Latitude Continental 
2s = Equatorial Continental 
eee Equatorial Oceanic 





20 30 
Maximum Reflectivity (dBZ) 


Equivalent Aircraft Display Colors (Calibrated Radar Display) 


Representative values of radar reflectivity as a function of 
height for equatorial oceanic and continental geographical 
areas and mid-latitude areas. For a given cruise altitude 
of 35,000 feet note the very large variation of reflectivity 
between the equatorial oceanic (black vertical bar) regions 
and the mid-latitude continental (yellow vertical bar) 
regions, corresponding to almost a 20dB range or 100 
times power ratio. Note also the dramatic loss of radar 
reflectivity above the typical altitude for freezing of water 
at 16,000 feet. dBZ is a a logarithmic measure used for 
radar systems representing the radar echo intensity. 
(Diagram courtesy Rockwell Collins.) 
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problem during the development of early radar systems 
was that the Doppler shift induced by the reflection of a 
radar pulse from a fast moving object effected a phase shift 
in the returning signal, causing the signal to be cancelled 
and thus reverse phase-shift compensation had to be built 
into the radar set. 

The development of Doppler radar enabled not only the 
shape and location of a weather pattern to be determined 
but also the velocity of precipitation within that weather 
pattern, and by inference, wind speed. Doppler radar also 
allows the elimination of returns travelling at a particular 
velocity. For example, with airborne radar, ground returns 
can be eliminated. 

Airborne weather radar can be classified as either the 
more conventional and familiar two dimensional radar, 
or the more recently developed three dimensional radar. 
It might also come as a surprise to some that modern com- 
mercial aircraft do not have general purpose radars that 
indicate the presence of other aircraft or terrain. Avoidance 
of these is effected by pilot observation, flight planning, 
transponders on aircraft and automated aircraft systems. 


What you see is not what you get! 


Monitoring weather systems with radar might seem 
straightforward but there are many complicating factors. 
For a start, what is visible to the naked eye may not be vis- 
ible to radar. For example, the cloud tops of thunderstorms 
contain mainly ice and that is a very poor radar reflector. 

Typically, above 16,000 feet the temperature will be 
below zero centigrade and so water will be in the frozen 
state. The cloud top will be visible to the naked eye but 
not to the radar, or there will be very poor radar visibility 
so the flight crew have to correlate in their mind what 
they see with their eyes and how that relates to the radar 
information being received. 

As a general rule, the lower two thirds of a cloud are vis- 
ible to radar and the top one third is invisible, due to the 
presence of non-radar-reflective ice crystals. Of course, even 
though the cloud top may be invisible to radar it does not 
mean it is not of concern and there can be turbulence within 
that area of the cloud which can affect flight operations. 

The presence of certain weather patterns that are visible 
to the radar below 16,000 feet can be used to infer that there 
will be certain formations above them and what their prop- 
erties may be. This important point will be discussed later. 

By convention, a display for weather radar is coded by 
three different colours according to precipitation activity. 
Green or Level 1 refers to light precipitation activity, little 
or no visibility and possible reduced turbulence; yellow 
or Level 2 corresponds to moderate precipitation, very low 
visibility, moderate turbulence and passenger discomfort; 
while red or Level 3 refers to heavy precipitation, possible 
thunderstorms, severe turbulence and the possibility of 
aircraft damage. Black corresponds to no return. A typical 
cloud will have heaviest precipitation at the bottom, with 
less higher up in the cloud. 

It should be noted that the radar reflectivity varies enor- 
mously for different types of weather and is dependent on 
several factors. Mid-latitude continental thunderstorms 
have a much greater radar reflectivity than, say, equatorial 
oceanic thunderstorm clouds. This has lead to problems in 
the past as a weather radar might be optimised for typical 
weather conditions in, say, the United States where it is 
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manufactured and where most of its planes fly (mid-latitude 
continental area) but it would not work so well for an 
Australian operator in areas where many of its planes fly 
(equatorial oceanic). In fact the variation in radar return 
from these two types of conditions may vary by a factor of 
20dB or 100 times (see graph). 

Some examples of the different radar characteristics of 
thunderstorms are as follows: continental land-based thun- 
derstorms (eg, USA) typically have high moisture content at 
high altitude and are more radar reflective than other types. 

Oceanic thunderstorms (eg, Bay of Bengal) have low ra- 
dar reflectivity as their moisture is located at low altitudes 
and the cloud tops are invisible to radar. Mid-latitude land 
based thunderstorms (eg, Brazil) have an intermediate 
radar reflectivity between that of continental land-based 
thunderstorms and oceanic thunderstorms. 

In addition to geographical variation in the radar re- 
flectivity of storms, there is also a seasonal variation. An 
additional problem is how to determine the severity of a 
thunderstorm cell. They may look the same to the eye and 
on the radar but one might be much more risk for hail and 
lightning than the other. Thus it is clear that a weather 
radar should ideally take all these factors into account. 

When monitoring weather patterns from aircraft it is 
important to get a complete view of meteorological activity. 
With conventional 2D airborne weather radar the image pro- 
vided is in one field of view like a slice and so the flight crew 
have to manually tilt the radar beam up and down to get a 
full picture of the weather. There is a fairly significant flight 
crew workload associated with obtaining comprehensive 
weather information with 2D radar. For an instruction guide 
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on the opera- 
tion of a typical 
modern 2D air- 
borne weather 
radar you may 
wish to see the 
video “EJETS 
WEATHER RA- 
DAR OPERA- 
TION” http:// 


youtu.be/VusX- 
OV2zvU8 


3D Radar 


In recent 
times two com- 
panies have 
developed 
airborne 3D 
weather radar. 
One company 
is Honeywell 
with their Intu- 
Vue RDR-4000 


Ground-based 


weather radar | 
For those interested, 
there are numerous 
weather-related websites ' 
along with radar Apps for 
smart phones. 
We featured the Australian 
Bureau of Meterology Doppler 
Weather Radar in the January 
2010 issue (also see Www. 


bom.gov.au/australia/radar/ 
or www.weatherzone.com.au/ 
radar/, among others). 












system and the other company is Rockwell Collins with 
their WXR-2100 MultiScan ThreatTrack system. The objec- 
tive with 3D radar is to reduce flight crew work load and to 
provide a more comprehensive picture of weather activity. 
This leads to greater safety and airline efficiency. 

The Honeywell system is currently used on the Boeing 
737NG, 777, C-17, and Airbus A380 aircraft and has been 
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A typical MultiScan radar display showing various weather threats. 
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A typical MultiScan 
display and how 

it correlates with 
what is seen out 

of the cockpit 
windows. 


selected for the Airbus A350, Gulfstream G650 and KHI 
CX aircraft platforms. 


Rockwell Collins system 
The Rockwell Collins system has been installed on all 





Qantas aircraft, and is standard on all new Boeing 787 
Dreamliners, Boeing 747-800s and Boeing Business Jets 
and is an option for the Airbus A320s, A330s and A340s, 
and Boeing 777s and Next-Generation 737s. 

Qantas is a pioneering operator of the Rockwell Collins 


Milestones in radar development 


1865 James Clerk Maxwell publishes “A Dynamical Theory of the 
Electromagnetic Field” with the original four Maxwell’s Equations 
which describe how electric and magnetic fields are generated 
and relate to each other. 


1887 Starting in November of that year, Heinrich Rudolf Hertz 
discovers electromagnetic waves, proves Maxwell's Equations 
and publishes a series of papers, the first being “On Electromag- 
netic Effects Produced by Electrical Disturbances in Insulators”. 


1899 Guglielmo Marconi recalls his 1899 work in 1922 and says 
a “ship could radiate or project a divergent beam of these 
[electromagnetic] rays in any desired direction, which rays, if 
coming across a metallic object, such as another steamer or 
ship, would be reflected back to a receiver screened from the 
local transmitter on the sending ship, and thereby immediately 
reveal the presence and bearing of the other ship in fog or thick 
weather.” 


1900 Nikola Tesla in Century magazine wrote “by their [standing 
electromagnetic waves] use we may produce at will, from a 
sending station, an electrical effect in any particular region of 
the globe; [with which] we may determine the relative position or 
course of a moving object, such as a vessel at sea, the distance 
traversed by the same, or its speed.” 


1904 Christian Hiilsmeyer demonstrates detection of a ship at a 
distance with his “Telemobiloskop” and is sometimes credited 
with the invention of radar but it does not give the range of 
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an object direct. It is the first patented device that can detect 
objects at a distance. 


1917 Lucien Lévy invents the superheterodyne receiver. 
1921 The magnetron is invented by Albert Wallace Hull. 


1922 US Naval Research Laboratory engineers Albert H. Taylor 
and Leo C. Young detect a wooden ship in the Potomac River 
by accident when conducting communications experiments and 
later in 1937 develop a practical ship-based radar. 


1930 Lawrence A. Hyland at US Naval Research Laboratory dem- 
onstrates the reflection of radio waves from an aircraft. 


1936 The development of the klystron at General Electric by George 
F. Metcalf and William C. Hahn (the invention has also been at- 
tributed to the brothers Russell and Sigurd Varian of Stanford 
University in 1937). 


From this time on radar was rapidly developed, especially as the 
Second World War loomed and was soon started. 


For more details on the history of radar you may wish to look at 
http://en.wikipedia.org/wiki/History of radar Some YouTube 
videos of interest are: 





“Radar: Technical Principles: Mechanics” pt1-2 1946 US Army 
Training Film” http://youtu.be/64LUeQ4DAqg and “Heroes 
and Weapons of WWII : 01. The Men Who Invented Radar” 
http://youtu.be/5x37BVGvFRk 
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Rockwell Collins WXR-2100 as installed in aircraft cockpit and displayed on the central monitor. 


system and has been using it since it was first released to 
the market in its original version in 2002. In fact, Qantas 
played a major role in its development. Qantas flies across 
the Pacific Ocean frequently, often at night and thus had 
a particular incentive to want better weather radar than 


Air Turbulence 


In Australia, there are about 25 in-flight turbulence related 
injuries every year according to the Australian Transport 
Safety Bureau (ATSB) with many more unreported. Some 
injuries are serious with broken bones and head injuries. In 
a typical severe turbulence event, 99 percent of passengers 
will not be injured. 

Since Australia has some of the best flying conditions in the 
world, it is expected that flights outside of Australia will en- 
counter more serious problems than flights within Australia. 

From 2009 to 2013 there were 677 turbulence related in- 
stances reported to the ATSB on flights to and from Australia 
with 197 minor injuries and 2 major injuries. 

Australia’s Civil Aviation Safety Authority (CASA) classi- 
fies several types of turbulence and their causes as follows. 


Types of turbulence 

Light turbulence - briefly causes slight, erratic changes in 
altitude and/or attitude. 

Light chop - slight, rapid and somewhat rhythmic bumpiness 
without noticeable. changes in altitude or attitude. 

Moderate turbulence - similar to light turbulence, but greater 
intensity. Changes in altitude/attitude occur. Aircraft re- 
mains in control at all times. Variations in indicated air 
speed. 

Moderate chop - similar to light chop, but greater intensity. 
Rapid bumps or jolts without obvious changes in altitude 
or attitude. 

Severe turbulence - large, abrupt changes in altitude/at- 
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conventional 2D weather radar which requires a lot of 
flight crew interpretation and represents a high work load. 

While both Honeywell and Rockwell Collins make su- 
perb radar systems, the Rockwell Collins system has an 
Australian connection and it is the focus of the remainder 


titude. Large variation in indicated airspeed. Aircraft may 
be temporarily out of control. 

Extreme turbulence - aircraft is violently tossed about and 
is impossible to control; may cause structural damage. 


The causes 


Thermals - Heat from the sun makes warm air masses rise 
and cold ones sink. 

Jet streams - Fast, high-altitude air currents shift, disturbing 
the air nearby. 

Mountains - Air passes over mountains and causes turbu- 
lence as it flows above the air on the other side. 

Wake turbulence - Near the ground a passing plane or 
helicopter sets up small, chaotic air currents. 

Microbursts - A storm or a passing aircraft stirs up a strong 
downdraft close to the ground. 


Preventing injury from air turbulence 

Occasional injuries are sustained by passengers due to 
air turbulence, mainly by being thrown about the cabin or 
by having items fall on them from open overhead lockers. 

Almost all air turbulence related injuries can be avoided 
by ensuring objects are securely placed in overhead lockers 
and the lockers are kept closed and that seat belts are worn 
at all times, not just during take off and landing. 

Also, crew instructions should be followed at all times and 
you should familiarise yourself with the safety information 
card in the seat back pocket. 
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Rockwell Collins MultiScan ThreatTrack 
Radar — features and development 
milestones 


2002 Release of first model and it is put into immediate 
service by Qantas. This version was called MultiScan. 


2003 On delivery flights of Qantas aircraft from the USA 
to Australia the flight time was used to test and develop 
the next version of the system. The aircraft flew with 
both a certified version of the radar and also the test 
unit. Data obtained were eventually incorporated into 
the 2008 model. 


2006-2007 Rockwell Collins rented a Boeing business 
jet and flew around the world for three months to verify 
what was learned during the Qantas flights and this 
information was incorporated into the 2008 model. 


2008 A major upgrade was made from the 2002 model. 
Storm top prediction was possible due to the addition 
of a geographic database of storm models in different 
areas at different times of the year. This was called 
MultiScan VI. 


2014 Hail and lightning detection was added (predictive 
overflight). The ability to track 48 different thunder- 
storm cells and vertical analysis of thunderstorm 
cells were added. This version was called MultiScan 
ThreatTrak. 


Note that the essence of the radar system is in its 
smart software, it represents a revolution in software 
rather than a revolution in hardware. Earlier model sys- 
tems can be upgraded to the current specifications by 
software upgrades and some minor hardware changes 
in some cases. 





Windshear is a hazard pilots dread because in the vast 
majority of cases they receive no visual warning of the 
phenomenon. Here the red and black stripes represent the 
actual windshear location along with a warning reminder 
at upper right. 
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of this article but the same general principles apply to the 
Honeywell system. 

A video of the Honeywell IntuVue radar is available at 
“Intu Vue® 3-D Weather Radar” http://youtu.be/w8lYyFm- 





JcF0 and a training video for its use “RDR-4000 IntuVue™ 
Weather Radar Pilot Training for Boeing Aircraft | Avion- 
ics | Honeywell Aviation” http://youtu.be/WNVtleccNSM 

A video of the MultiScan radar can be seen on YouTube 
at “MultiScan ThreatTrack weather radar -- The worst 
weather is the one you can’t see coming” http://youtu. 
be/zJDduGPvOEA and Boeing crew training videos can 
be seen at “MultiScan Weather Radar Module 1 Boeing” 
http://youtu.be/EUjxFVRTdtw and “MultiScan Weather 
Radar Module 2” http://youtu.be/Ai_P-MwlrOw. 

The Rockwell Collins MultiScan ThreatTrack has the 
following technologies: 

Geographic Weather Correlation: Recall from earlier 
in this article that there is significant regional variation 
in the radar reflectivity of thunderstorm cells as well as 
variation according to the time of year. This is a relatively 
recent discovery that occurred from 1997 onwards after 
the launch of the TRMM satellite (Tropical Rain Forest 
Measuring Mission). 

This satellite has amassed a vast database of thunderstorm 
reflectivity information which, along with the work of lead- 
ing climatologist Dr Ed Zipser, has enabled Rockwell Collins 
to embed thunderstorm models into the radar which are 
specific to particular geographic locations and time of year. 

As previously noted, the tops of storm clouds are invisible 
to radar but the radar model is able to make predictions of 
the altitude of the true top of the storm cell and its level of 
hazard by knowing the location and time of year. 

Core Threat Analysis: The radar can track up to 48 
thunderstorm cores at once and also predict their severity. 

Automatic Temperature-Based Gain: As the outside air 
temperature decreases, the cloud tops become less radar 
reflective so this feature increases the radar energy used to 

















This particular windshear occurred during taxiing. In these 
pictures from the cockpit the windshear can be seen in the 
form of a line squall approaching the aircraft down the 
taxiway. The pilot delayed his takeoff for 30 minutes until 
the thunderstorm had passed the airport and took off safely. 
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illuminate the cloud, effectively decreasing the proportion 
of the cloud that is invisible to radar. 

OverF light Protection: Traditional manual operation of 
2D weather radars involves pointing the radar beam at the 
lower radar reflective portion of storm clouds. As a matter 
of simple geometry, if no adjustment to the beam angle is 
made, as the aircraft approaches the cloud the beam moves 
higher and higher until it is in the non-reflective part of 
the cloud and the storm cell disappears from view. The 
overflight protection feature keeps the beam pointed 6,000 
feet beneath the flight path to keep the reflective portion 
of the cloud in view. 

Predictive OverF light Protection: Storm cells can grow 
at up to 6,000 feet per minute and when this happens a 
“bubble” of turbulent air is pushed above the cloud top. 
This feature tracks the rate of growth of storm cells and 
warns if there is a fast-growing cell in the vicinity, which 
is to be avoided. 

SmartScan: As an aircraft turns with traditional radar 
there is a black wedge indicated a lack of data in the direc- 
tion of the turn. This feature ensures that data is immedi- 
ately acquired in the direction of the turn. 

Two Level Enhanced Turbulence: USA FAA regula- 
tions require turbulence with a +0.3G RMS severity to be 
displayed on weather radars but in addition to displaying 
that, areas with a less severe but still uncomfortable level 
of turbulence are also displayed. 

Flight Path Hazard Assessment: The radar system looks 
for different hazards according to those relevant to the 
phase of flight. 

For example during take off and landing the main con- 
cern is storm cells with convective activity and the Core 
Threat Analysis feature is used to evaluate the threat; 
during cruise the main threat is accidental penetration 
of thunderstorm cloud tops, so the Geographic Weather 
Correlation, Automatic Temperature Based Gain and the 
Predictive Overflight Protection features are invoked to 
prevent flying through the cloud tops. 

In addition to these features there is also a wind-shear 
alert and an attenuation alert to warn when a storm cloud 
has absorbed so much radar energy that nothing behind it 
will be visible (radar shadow). 


Quiet, dark cockpit 

In keeping with modern aircraft flight philosophy of 
minimising the pilot workload (the “quiet, dark cockpit”) 
the MultiScan radar ensures that only relevant information 
is displayed. Threatening weather can be detected out to a 
maximum range of 320 nautical miles while non-threaten- 
ing weather 6,000 feet beneath the aircraft is not displayed. 

In order to minimise the display of unnecessary informa- 
tion ground clutter is removed by the use ofa global terrain 
model so that returns from the ground can be ignored. 

With so many aircraft flying around the world, many 
fitted with the same model of radar, one might wonder if 
there is potential for the radars to interfere with each other. 

This is not a problem as each radar pulse is sent out 
with a slightly different frequency and the radar will reject 
any pulse it receives that is not at the frequency that was 
sent out. 

The radar dish for this system is around 70cm in diam- 
eter and sweeps side to side and up and down every four 
seconds. 
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Radar and the pulse repetition 
frequency and Doppler 
compromise 


Traditional radar works by sending out a short 
signal pulse and then turning off the transmitter and 
listening for any signals reflected back to the radar 
antenna. Knowing that the radar signal travels at the 
speed of light, it is possible to determine the distance 
to an object, by dividing the total time for the pulse to 
return by two. 

The required length of the period between pulses 
has to be enough time for the signal to travel out from 
the radar set to the target object and return. A long 
period between pulses allows objects to be seen at 
a long distance compared to a short inter-pulse pe- 
riod which will only allow objects to be seen a short 
distance away. 

Acompromise short inter-pulse period, correspond- 
ing to a high pulse repetition frequency (PRF) allows 
a potential target to be illuminated with more radio 
energy. This makes an object easier to see than if 
illuminated with a low pulse repetition frequency. 
However, a low pulse repetition frequency is needed 
if distant objects are to be observed and they are 
illuminated with less radio energy due to a lower 
number of pulses. 

In fact, the energy reflected from the target back to 
the transmitter is also subject to the inverse square 
law so the energy received back at the radar set has 
a fourth root dependence, not a square root depend- 
ence. A consequence of this is that to double the ef- 
fective range of a radar system the power has to be 
increased by a factor of 16. 

With Doppler radar there is a further compromise 
which is that there is an inverse relationship between 
the distance that the radar can see to and the velocity 
that can be measured. When the PREF is low a long 
distance can be measured but only a low range of ve- 
locities. When the PRF is high, a much higher range of 
velocities can be measured but the range is reduced. 

A more recent development in radar, at least as 
far as commercial augmentation is concerned, is 
Frequency-Modulated Continuous Wave, or “Broad- 
band” Radar, which unlike traditional radar doesn’t 
use a high-energy pulse but is “always on”. Contra- 
dictory though it may sound, FMCW radar uses a lot 
less energy, is a lot safer to operate close to and is 
particularly applicable to marine use (see the feature 
in November 2010 SILICON CHIP). 





Conclusion 


Great advances have been made in radar since it was 
first invented. The most recent advances are being made 
not so much in radar hardware but in the software used to 
interpret and make use of the radar data. 

As applied to airborne weather-radar, recent develop- 
ments in 3D radar which serve to both reduce pilot work 
load and greatly increase the analysis of weather systems 
and the possible threats posed will make our skies even 
safer than they are now. St 
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VirtualBench is a computer- 
driven 2-channel 100MHz 
digital Secilloscope, 34-channel logic analyser, 
waveform generator, 3-output adjustable power 
supply and multimeter, all in one box. It can 
be driven wirelessly using an iPad or from a 
PC via USB. Importantly, it integrates with 
to Instruments’ LabView software for 

automated measurement and testing. 


VirtualBench 5-in-1 


ollowing the trend of integrating 
Fe: equipment into one unit, 

VirtualBench is an instrument 
which can be used to test and debug 
many projects all by itself. 

As you can see from the photos, 
it’s “headless”, with no screen and 
virtually no controls. The interface is 
handled by a PC or tablet. 

This has some significant advan- 
tages. For one, you aren’t stuck with 
whatever size or resolution screen the 
manufacturer has decided to put on 
the device. 

We’ve seen many multi-thousand- 
dollar test devices with screens that 
are inferior to today’s bargain base- 
ment tablets! So this “bring your own 
screen” philosophy can work quite 
well. 

On the other hand, if you forget to 
bring your tablet/laptop or its battery 
is flat, you’re out of luck; VirtualBench 
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is effectively tethered to a computer. 

Physically, as the name should sug- 
gest, the VirtualBench is very conveni- 
ent for bench-top use. 

At 255mm wide, 190mm deep and 
73mm high it doesn’t take up a great 
deal of space. In fact, since it has a flat 
top, you can argue that it doesn’t take 
up any space at all. 

At the very least, you can stack 
similar-sized equipment on top. An 
iPad fits quite nicely. 

All the connectors you need fre- 
quent access to are on the front. The 
power button and Wi-Fi power indi- 
cator are at upper left, with the IDC 
connector for the logic ribbon cable in 
the middle and the two BNC scope in- 
puts, calibration terminals, waveform 
generator BNC output and external 
trigger input at upper right. 

Along the bottom, from left-to-right 
are the digital I/O terminal block, DC 


power supply output terminal block 
and DMM insulated banana sockets. 


Features 

The digital I/O block provides a 3.3V 
power source (but only up to 20mA), 
ground connections and eight general 
purpose I/Os which can be used for 
controlling the equipment you are de- 
bugging or testing (more on that later). 

The power supply outputs are 0-6V 
at up to 1A, 0-25V at up to 0.5A and 
0 to -25V at up to 0.5A. Each can be 
set independently in 1mV steps and 
a current limit can also be set for each 
output. 

So between these three adjustable 
outputs and the (fairly limited) fixed 
3.3V, you can power a large range of 
devices from the VirtualBench without 
resorting to an external power supply. 

Interestingly, the ground terminal 
for the +25V adjustable supply is in- 


siliconchip.com.au 








“Hands on” review 
by 
Nicholas Vinen 





dependent of other grounds, although 
in most applications it would be con- 
nected to the main circuit ground. 
The DMM is a 5.5 digit type with 
relatively high accuracy. It has four 
input terminals and six modes, cover- 
ing all the most common functions: DC 
or AC voltage (true RMS, up to 300V 
DC/265V RMS), DC or AC current (up 
to 10A), resistance (up to 100MQ), 
diode test (forward voltage up to 2V) 








and continuity test with audible tone, 
via iPad/PC speakers. 

When measuring DC voltages up to 
10V, a high input impedance (>10GQ ) 
option is available which can be quite 
handy when measuring sensitive 
circuits. DC current measurement 
resolution goes down to 0.1nA while 
resistance measurement resolution is 
down to 1mQ; however there is no 
4-wire test mode. Still, such resolu- 
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The front panel houses most of the input/ 
output sockets, including those for the 
oscilloscope and function generator at top 
and digital I/O, power supply and DMM 
underneath. The rear panel, by comparison, 
is spartan, with just mains and USB sockets, 
an earth point, a Kensington lock socket, WiFi 
antenna and ventilation. 


tion is quite useful for finding shorted 
tracks or components. 


iPad interface 


Most of the VirtualBench’s features 
are usable from an iPad, over WiFi 
(see screenshot opposite). At the time 
of writing this review, there is no 
Android support but this is expected 
relatively soon; presumably, before the 
end of 2015. 
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When controlling the VirtualBench from LabView, many options are available. Fortunately, the built-in help explains 
them in detail. This screen shot shows the details for setting up the waveform generator. 
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are many digital channels so several serial buses can be monitored. 


The interface is not difficult to figure 
out. The scope traces are displayed in 
the middle of the screen and can be 
moved around by dragging. Vertical 
scaling and the timebase can similarly 
be adjusted using two-finger gestures. 
The other displays and controls are 
above and below the scope traces, 
including the DMM features, scope 
measurements, power supply controls 
and function generator. 

What we couldn’t find in the iPad 
interface are the serial bus decoding 
options (which are present on the 
equivalent PC software) or controls 
for the eight-pin digital I/O bus on the 
front panel of the VirtualBench. 

Presumably these more advanced 
features have been left out because 
they wanted to keep the iPad app 
simple. 

Like a lot of WiFi peripherals, rather 
than joining your network, the Virtual- 
Bench requires that you connect your 
iPad to its WiFi network (ie, it acts as 
an access point). 

The annoying aspect of this is that 
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this means you lose Internet access 
while using it, so if you want to say 
download a data sheet during a debug- 
ging session, you will have to discon- 
nect from the VirtualBench’s WiFi and 
then reconnect to it again later. 

It also means that each time you 
turn the VirtualBench on, you have to 
remember to re-join its WiFi network 
before running the app or it won't 
work. That’s because the iPad will au- 
tomatically re-connect to your normal 
WiFi network when the VirtualBench 
access point disappears. 

As we said, this is a pretty typical 
way to interface with a device using 
WiFi and it does avoid the need to 
program your SSID and WEP password 
into the device but in the long run that 
would probably be a more satisfying 
solution. 


PC interface 

You have two options for using the 
VirtualBench on a PC. First there is 
the dedicated interface software which 
works similarly to the iPad software 


but with the extra features mentioned 
that are missing in the iPad version, 
such as the serial protocol decoding 
(SPI/I2C/Parallel); see the screenshot 
above. 

We found this software particularly 
easy to use. 

For example, the menu for setting 
up serial decoding appears next to the 
button to turn the digital channels on 
and off when you move your mouse 
near it, and similarly other set-up 
menus appear next to related buttons. 

The layout is visually clean and you 
really don’t need a manual to figure the 
software out; most users will be up and 
running right away and will be able 
to figure all the functions out easily. 

In some ways using a scope this way 
is very convenient because we often 
find when debugging a project that we 
refer to schematics, PCB overlays and 
software on a computer when trying 
to figure out what’s going on. 

Thus we often end up swapping 
constantly between the PC and a scope 
when troubleshooting a project. 
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In this case, the PC is the scope inter- 
face, avoiding the need to constantly 
switch between two different screens 
and sets of buttons. This also makes it 
easy to do things like save screen grabs 
to the computer. 

All the basic functions work well. 
As a mixed signal scope, its perfor- 
mance is on a par with a typical, 
good quality 100MHz unit. Similarly, 
the DMM has reasonable accuracy if 
somewhat limited functions. 

The power supply is convenient 
but with a maximum of 1A on its 
0-6V output, won’t necessarily cover 
all possible uses and so you may well 
require a separate power supply with 
a bit more grunt. 


LabView integration 


The other option for driving the Vir- 
tualBench from a PC is LabView and 
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File Edit View Project Operate Tools Window Help 
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this unleashes the full power of the de- 
vice. It allows you to create automated 
testing procedures and control them 
via a graphical programming interface. 

Automated testing is not only use- 
ful in a production environment, eg, 
for QA where you need to do a quick 
check that all the functions ofa device 
are operating correctly before sending 
it out the door but also in a test, service 
and debug environment, such as the 
sort of development and testing work 
we do at SILICON CHIP. 

For example, say you have a device 
which has a glitch after power up, 
if a certain sequence of buttons are 
pressed in a particular order. You’re 
trying to eliminate this glitch by mak- 
ing changes to the software and/or 
hardware but each time you make a 
change, you need to check whether it 
has fixed the glitch or not. 





You can design a test procedure in 
LabView which uses the VirtualBench 
to power up your device, wait for it to 
be ready, simulate button presses via 
its configurable digital I/Os, then run 
whatever tests are necessary using 
the MSO and DMM to verify correct 
operation. 

The LabView software can then re- 
port whether the glitch is still present 
and ifso, you can make further changes 
and try again. That makes such testing 
a lot easier and more repeatable and 
is especially handy if the glitch you’re 
looking for is short-lived. 

The image below shows the Lab- 
View software interfacing with our Vir- 
tualBench review unit. This is one of 
the example programs provided on the 
National Instruments website which 
uses the adjustable power supply and 
DMM features of the device to plot a 





{ty co | % ots Cy X [ll ee be | 
tems | Files. | 


i: —_ 








Handté Errors 
























































This demo program steps the power supply output through a range of voltages and uses the DMM to measure current and 
produce the plot at the bottom of the screen. 
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V/I curve for the device under test. 

This sort of test works well because 
the adjustable power supply has such 
fine-grained control over output volt- 
age. 

The program itself is shown at top. 
This consists of a variety of blocks 
representing different parts of the 
VirtualBench device and different 
stages in the test, which are “wired 
up” together to determine a sequence 
of events. It is broken into five sections 
and the control sequence flows from 
left to right, with the five different 
steps labelled below. 

The first step is initialisation and 
this involves the software connecting 
to the VirtualBench device and prepar- 
ing the sections which are to be used 
(ie, power supply and DMM). 

The configuration step sets the vari- 
ous test parameters such as what mode 
the DMM section will operate in (DC 
current in this case), the voltage range 
over which the power supply will be 
stepped and so on. 

Parameters such as the voltage range 
and number of steps are set by the user 
in the “Front Panel” interface in the 
middle of the screen. 

This makes it easy to adjust the para- 
meters and run a new test without 
having to change the block diagram. 
The selected values are automatically 
fed by the software into the orange 
and blue rectangles in the block dia- 
gram which then feed into the control 
process. 

The grey box outlined in the middle, 
above “Perform Operation” is a “for 
loop” which performs a set of tasks a 
fixed number of times. 

In this case, it’s used to step the 
power supply through the test voltage 
range and read the current level from 
the DMM each time. The voltage and 
current figures are then fed to the X/Y 
plot in the bottom pane via the pink 
“Analog Data” item at right. 

The remainder of the items in the 
top pane deal with shutting the Vir- 
tualBench down once all the data has 
been acquired and telling the user 
whether there were any problems 
during the test (eg, if the multimeter 
input range was exceeded). 

At left of the display is the “palette” 
with some of the blocks that you can 
place in the block diagram at top in 
order to perform different functions. 

For this test, we connected a 3.9V 
zener diode across the power supply 
terminals and the plot at bottom shows 
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its soft knee characteristic over the 
0-10V test range and 0-500mA capa- 
bility of the adjustable +25V power 
supply output. 


Ease of use 

LabView can seem daunting at first 
even for an experienced computer 
programmer, partly because of the 
large number of built-in functions but 
mostly because its graphical nature is 
quite different from the more common 
text-based programming systems. 

However with the aid of examples 
and a little experimentation, it doesn’t 
take long to figure out the basics. We 
managed to build a test from scratch 
and get it working in less than half 
an hour. 

The supplied examples help a lot. In 
addition to the one described above, 
others include creating Bode plots, 
frequency response plots and stimu- 
lus/response measurements using 
the signal generator and oscilloscope 
modules. 

The built-in context-sensitive help 
is excellent, once you’ve figured out 
how to get to it— you need to right-click 
on one of the block objects using the 
correct selection tool and then choose 
“Help” and you'll get a clear explana- 
tion of how the block works — see the 
earlier screen grab. 

If you have programming experi- 
ence, you should become comfort- 
able with LabView after using it for a 
short time but it is a complex piece of 
software and will certainly take some 
time to master. The advantage of this 
complexity is that it’s very powerful 
once you get used to it. 

We decided to see just how practi- 
cal the combination of LabView and 
VirtualBench is and to do this, we 
wanted to set it up to perform a func- 
tion that wasn’t mentioned in the 
documentation and for which there 
are no examples. 

We succeeded in setting up a real 
time distortion analyser with spectrum 
display and this only took about 30 
minutes to figure out. It would have 
been much quicker if we had more 
experience with the software. 

We set up the waveform generator to 
produce a sine wave and fed this to the 
scope input. Our distortion analysis 
software then reported 0.1% THD+N 
with the second harmonic at -65dB, 
third at -61dB and fourth at -72dB as 
sas read off the spectrum plot. 

While this set-up would be no match 





for our Audio Precision system in 
terms of performance, that certainly 
demonstrates the unit’s flexibility 
when teamed with the LabView soft- 
ware. 

From what we can see, there are a 
lot of other analysis tasks which would 
be possible to perform using this sort 
of set-up. 

Note though that to do this sort of 
advanced analysis, you need to buy 
the more expensive “Full” version of 
LabView rather than just the “Base” 
version. 

For the list of differences, see this 
web page: www.ni.com/labview/buy/ 

Signal processing functions avail- 
able in the “Full” version include 
waveform and signal generation and 
conditioning (useful in combination 
with the Arbitrary Waveform Genera- 
tor VirtualBench function), waveform 
measurements, windowing, filtering, 
spectral analysis, transformations and 
PID control. 


Conclusion 


If you’re a die-hard iPad user you 
may appreciate the WiFi connectivity 
functions of this unit but in our opin- 
ion, to get the full benefit, you really 
need to use LabView on a PC. 

While LabView is available for Mac 
OSX, the VirtualBench driver appears 
to be Windows-only for the moment. 

The way that the various functions 
of the VirtualBench are integrated, 
combined with the power of the Lab- 
View software is by far its best aspect. 

And note that LabView will also 
integrate with other National Instru- 
ments products, including their large 
range of data acquisition and signal 
generator devices. 

So if you like the idea of a PC- 
controlled all-in-one test instrument 
and are interested in taking advantage 
of the automated testing capabilities 
available in conjunction with the Lab- 
View software, VirtualBench could be 
for you. 





Pricing & availability 

The VirtualBench is available direct 
from National Instruments, PO Box 
382, North Ryde, NSW 2113. It retails 
for $2987, including GST. LabView is 
$550 (incl. GST) for the Base version 
and $1100 for the full version. 

For enquiries or to purchase, go to 


www.ni.com/virtualbench/buy/ or call 
them on 1800 300 800. Se 
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Where is your vehicle? your package? your machine? 
Find it with TraceME! 


Introducing the new TM-203 EEE) 


The TM-203 is the newest addition 
to our family of TraceME products. 
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Unique features: HAUNUNE ¢-= 25 


Very small fully-featured GPS Tracker, (87: x:22 x:7 mm) 

Weighs only 15.5 grams, including GPS! GSM and RF/ antennas 

Advanced power saving, down to 3uA 

Location-based positioning (LBS) inside buildings 

Portable or externally, connectable to integrate multiple sensors ————— 
On-board sensors for, compass, temperature and Cee ee — = 
Worldwide coverage: Quad-band GSM) SSO MES eon 

Complies with additional standards for, insurance} benefits (e.g! SCM and Incert) 
Complies with automotive corey standard] ‘d)(Exmark) 


We would like to invite you to have @ look around our website and get inspired 
by the possibilities of wnat KCS TraceME products can bring to your project. 
Whether you need a solution for personal tracking, trace and control vehicles, 
object protection or more advanced M2M solutions, KCS TraceME can deliver it. 


SS. 


GPS/GPRS enabled GPS Tackenwitn advanced Os USL Blowryer to remotely 
eS v= edie, 

track & trace and/or. control’a huge diversity Oi Objectsymachines and/orvehicles* 

KCS TraceME is absolutely the most,versatile.and fadaptiveytrack: n-Trace solution 

in the market today. Our. clients use the TraceME! hardware, PPO GIOSRCINEIRO EELS: 

It is truly an all-round performer and exceeds anything in nthe. market currently available: 


@ KCS TraceME is available in different form factors (Key, fob: CEM Amie ‘ 
custom made casing); is 
@ GPRS, UMTS, SMS, GSM, Wi-Fl; RFID; E-mail: : a ? 
tre \arexeypyile]ele-le)(-w-\elealialsitrclilelan cole) e 
@ Event driven, can run custom code, remotely, configurable; 
@ Connect M2M to any device; 
@ G-shock detection, temperatures, tilt, motion, iButtons; mobile phones; camera's: 
@ See the rest of the site for the full options! 
Please contact us if you want to discuss your ideas! 


OEM & Distributor requests are welcome! 
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By JOHN CLARKE 
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Do you think all your 230VAC-powereditools and appliances are 
safe because they are double-insulatediif 20, you couldibe in for a 


rude shock — literally! Or do you th 
home (or workplace) is fitted with REDs (Resitlut 


ouware Safe.becz 





ause your 
Current Devices)? 


Again, you could still be at risk of a Severe electric shock. The only 
way to be reasonably sure about appliance and power tool safety is 
to test them regularly. That is where our Appliance Insulation Tester 


is a crucial tool. 


ET’S BE BLUNT: an RCD will not 

save you from electric shock if you 
use a faulty power tool or appliance. 
Nor will it necessarily save you from 
death. Have we got your full attention 
now? 

An RCD (commonly called a safety 
switch) will switch off the 230VAC 
power if it detects an imbalance 
between the Active and Neutral cur- 
rents in the appliance circuit. That 
imbalance could mean that current 
is flowing through your body rather 
than the mains wiring. At least 30mA 
of current needs to flow through your 
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body for a typical RCD to switch off the 
power-—but depending on the fault, the 
current could be a lot more than 30mA 
and the time before it is switched off 
could be up to 150 milliseconds. That’s 
long enough to experience a very nasty 
electric shock and one which could 
possibly kill you! 

Well hopefully, it would not kill 
you but you could still be seriously 
injured. Say you get the shock while 
using the faulty tool and standing on 
an aluminium ladder. The shock could 
throw you off the ladder and you could 
be seriously injured or killed (again!). 


And anyway, how you do know the 
RCDs in your home are working prop- 
erly? Have they been tested recently? 

You can now see that appliances 
and power tools should be tested 
regularly. So we have produced our 
Appliance Insulation Tester which 
checks whether the insulation resist- 
ance is adequate to protect you from 
serious shock on double-insulated or 
earthed appliances and power tools. It 
does this by applying 250V or 500V DC 
between mains Active and Neutral to 
the Earth on the 3-pin plug of earthed 
appliances (Class 1 appliance) or to 
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HIGH VOLTAGE 
GENERATOR 
(IC1, IC2, Q2, T1, 
D1-D4, VR1 


ENA _FB 


FEEDBACK 
MONITOR 
(IC4,LED1) 


GENERATOR 
DISABLE 
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(Q5, $1) 
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SAFETY CIRCUIT 


REFERENCE 
(REF1, IC3b) 


Fig.1: block diagram of the Appliance Insulation Tester. It uses a high-voltage generator (top, left) to produce either 250V 
or 500V DC which is applied to the test terminals. The resulting leakage current through the appliance under test and the 
associated 3kQ resistor is monitored by op amp IC3c which then drives a 10-LED bargraph via IC5. IC3a monitors IC3c’s 
output and shuts down the high-voltage generator via Mosfet Q4 if the voltage across the 3kQ resistor exceeds 3V. 


exposed metal on double insulated 
appliances (Class 2) and then the 
insulation resistance is measured. In 
general, an insulation resistance (IR) 
below 1MQ is deemed unsafe. 

There are a couple of appliances 
where this 1MQ value does not apply. 
The first is with a portable RCD that 
has a functional earth (ie, requires 
an earth for correct operation) and 
the second is for appliances which 
have mineral insulated metal sheath 
heating elements. Check with the AS/ 
NZS3760 standard for more informa- 
tion. Our Appliance Insulation Tester 
is not suitable for these devices. 


Another instrument required 
While our Appliance Insulation 
Tester will check most appliances, it 
does not apply 230VAC mains voltage 
and therefore cannot conduct an IR test 
on appliances that have a “soft” or a 
non-mechanical power switch such 
as in most appliances with remote 
controls (eg, DVD players and TV 
sets). These appliances can only be 
tested with an instrument that permits 
energising with the normal 230V sup- 
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ply voltage to measure the actual earth 
leakage current. We plan to feature an 
Appliance Earth Leakage Tester next 
month as a companion instrument. 


Testing safely 

We mentioned that the testing volt- 
age used is 500V or 250V DC. 500V DC 
is the usual test voltage while 250V DC 
is used where an appliance has over- 
voltage protection. These voltages are 
high enough to give you a nasty shock 
if you come into contact with both the 
test probes, so we have incorporated 
three safety features. 

The first is the use of shrouded 
banana sockets for the high voltage 
output terminals. Secondly, there is a 
1mA (or 500A depending on output 
voltage) trip current detector that shuts 
off the high voltage if this current is 
exceeded. So if you do make contact 
with both the test probes you will 
get an unpleasant “tickle” instead of 
possibly a more severe electric shock. 

As well, the Tester has a Trip Test 
pushbutton which verifies that the unit 
will shut down if you make contact 
with the probes. It also lights a LED 





to indicate that it has been tripped. 
To restore operation, the unit has to be 
switched off and then on again. 

Finally, a check LED is included to 
indicate if the high-voltage generator 
is not working correctly. 


Simplified circuit 

Fig.1 shows the simplified circuit 
arrangement of the Appliance Insula- 
tion Tester. It comprises a high-voltage 
generator that can be set to produce 
either 250V or 500V DC, with voltage 
feedback to maintain the required volt- 
age with varying load. IC4 includes 
two comparators which detect if there 
is a fault in the high-voltage output. A 
high or low voltage is indicated with 
LED1 (HV Error). 

The positive high voltage becomes 
the “+” test output while the nega- 
tive (-) test output is connected to the 
supply ground via a 3kQ resistance. 
When the test terminals are connected 
to an appliance to test for insulation 
resistance, any leakage current will 
flow through this 3kQ resistance and 
so develop a voltage. This voltage is 
monitored by IC3c, a high input im- 
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APPLIANCE INSULATION TESTER 


Fig.2: the circuit of the Appliance Insulation Tester. The high-voltage generator consists of an MC34063 DC-DC converter 
(IC1), a 7555 CMOS timer (IC2), Mosfet Q2, step-up transformer T1 and bridge rectifier D1-D4. IC3c monitors the leakage 
current through the two series 1.5kQ resistors and drives IC5, while IC3a is the trip comparator for the safety circuit. 


pedance, low input current op amp. 

IC3c operates as a unity gain buffer 
for the 500V setting or with a gain of 
two when 250V is selected. So for 
example, a 1MQ leakage resistance 
between the test terminals with a 500V 
DC test voltage would produce a cur- 
rent of 500uA. This gives 1.5V across 
the 3kQ resistance and thus 1.5V at 
ICG3c’s output. 

For 250V DC, the current with the 
same 1MQ leakage resistance would 
give 250yA and there would be 750mV 
across the 3kQ resistance. However, we 
still get 1.5V at IC3c’s output because 
it now operates with a gain of two. 

The pin 8 output of IC3c is attenu- 
ated and fed to IC5, an LM3915 dot/ 
bar display driver (used in dot mode) 
and 10-LED bargraph display. The dis- 
play shows resistance in 10 3dB steps: 
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<707kQ, 1MQ, 1.4MQ, 2MQ, 2.8MQ, 
4MQ, 5.6MQ, 8MQ, 11MQ and 16MQ. 
A separate LED lights for resistance 
values of more than 16MQ. 

Op amp IC3a compares the output of 
IC3c with a 2.5V reference voltage set 
by IC3b. If the voltage across the 3kQ 
resistance reaches 3V, IC3a’s output 
goes high to turn on Mosfet Q4 and 
disable the high-voltage generator. At 
the same time, Mosfet Q3 discharges 
the high-voltage generator’s 100nF 
output capacitor via a 200kQ resist- 
ance and the display will show a low 
ohm (<707kQ) reading. In addition, 
LED2 indicates that the high-voltage 
generator has been disabled. 

Finally, since the high-voltage out- 
put will be zero, the feedback monitor 
will turn on the high-voltage error 
indicator, LED1. 


D1-D4 
4x UF4007 


DISCHARGE | MOSFET 





As already noted, to restore opera- 
tion, the unit has to be switched off 
and then on again. Note that if the unit 
is switched off, Mosfet Q3 discharges 
the high-voltage capacitor, under the 
control of transistor Q5, which moni- 
tors the on/off switch. 


Full circuit 


The full circuit is shown in Fig.2. 
The high-voltage generator comprises 
an MC34063 DC-DC converter (IC1), 
a 7555 CMOS timer (IC2), Mosfet Q2 
and transformer T1. If this circuit did 
not have the trip current protection 
feature, IC1 & IC2 could have been 
used in a slightly simpler configura- 
tion, with the 7555 used as a rail-to-rail 
Mosfet gate driver and with no gating 
function via Q4. 

IC1c’s oscillator runs at a nominal 
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30kHz, as set by the 1nF capacitor at 
pin 3. IC1’s output pins (1&8) are open- 
collector transistors that are pulled up 
to the 9V supply by a 2.2kQ resistor. 
The 30kHz output signal is coupled to 
IC2, a 7555 which is mainly used as 
an inverting buffer/gate which drives 
Mosfet Q2. 

When Q2 is switched on, current 
flows through the primary winding of 
transformer T1 until it peaks at about 
1.2A. This current flows through the 
four paralleled 1Q resistors between 
pins 6 & 7 of IC1 and when it reaches 
1.2A, IC1 stops its oscillator and 
Mosfet Q2 is switched off. Thus, the 
magnetic field in the transformer core 
collapses, producing high voltage in 
the primary winding. The secondary 
winding steps up the voltage and feeds 
a bridge rectifier comprising diodes 
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Mainjfeatures 


Displays insulation resistance in 10 steps from 707kQ to 16MQ. with acceptable 
resistance in green and unacceptable resistance in orange and red 


500V DC and 250V DC test voltages 


1mA/5O0pA over-current trip for safety 


Over-current trip test and trip indicator 


Low battery indicator 
High voltage fault indicator 


High voltage discharges to safe levels at power off and over-current trip out 


Not suitable for portable residual current devices that incorporate a functional 


earth 


Not suitable for mineral insulated metal-sheathed heating elements 


D1-D4 to produce a 500V (or 250V) 
DC supply and this is filtered with a 
100nF 630V DC capacitor. 

Note that a single diode could 
have been used instead of the bridge 





rectifier. However, a single diode rec- 
tifier would require the transformer 
windings to be correctly phased and 
this can be problem for constructors 
winding their own transformers. Using 
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Applianceslnsulationslester-~Rantsicist 


1 double-sided PCB, code 
04103151, 86 x 133mm 

1 front panel PCB, code 
04103152, 90 x 151mm 

1 UB1 plastic utility box 158 x 95 
x 538mm 

1 ferrite pot core and bobbin set 
(Jaycar LF-1060 & LF-1062, 
Altronics L 5300 & L 5305) 
(11) 

1 pot core spacer eg 0.25mm 
cardboard 11mm OD or similar 
(see text) 

1 9V battery clip lead 

1 9V battery 

1 9V battery U-shaped holder 

1 20-pin wire wrap SIL socket 
strip for LED bargraph 

2 SPDT toggle switches, PCB- 
mount (S1,S2) (Altronics S 
1315) 

1 SPDT pushbutton PCB-mount 
switch (S3) (Altronics S 1393) 

1 red safety banana socket 
(Jaycar PS-0420) 

1 black safety banana socket 
(Jaycar PS-0421) 

1 shrouded safety multimeter test 
lead set (Altronics P 0404A, 
Jaycar WT-5325) 

3 M3 tapped 9mm Nylon spacers 

3 M3 tapped 6mm Nylon spacers 

3 M3 x 12mm screws 

3 M3 x 5mm screws 


a bridge rectifier makes transformer 
winding and termination easier. 

Since the load on the high-voltage 
supply can vary, we have voltage feed- 
back to pin 5 of IC1 via a 3.9MQ resis- 
tor and 100kQ trimpot VR1, together 
with a 22kQ resistor at pin 5 of IC1 to 
ground. VR1 is adjusted to provide 
an output of 250V DC. An extra 22kQ 
resistor is switched via S2 to provide 
the 500V setting. 

Either way, the feedback divider 
reduces the high voltage to a nominal 
1.25V at pin 5 and this is compared 
against an internal 1.25V reference in 
IC1. If the output voltage drops, the 
duty cycle of the output waveform 
from pins 1 & 8 is increased to com- 
pensate (and vice versa). 

Note that the 3.9MQ feedback resis- 
tor is a VR37 or VR25 type, rated at 
3500V DC or 1600V DC, respectively. 

Note also that IC2 has its pin 4 reset 
pin connected to other parts of the 
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1 M3 x 10mm countersink screw 

1 M3 x 25mm Nylon screw 

8 M3 Nylon washers 

2 M3 nuts 

1 6.5m length of 0.25mm-dia. 
enamelled copper wire 

1 700mm length of 0.5mm-dia. 
enamelled copper wire 

1 40mm length of 230VAC rated 
red wire 

1 40mm length of 230VAC rated 
black wire 

3 PC stakes 

1 1MQ multiturn trimpot (VR1) 

1 10kQ multiturn trimpot (VR2) 


Semiconductors 

1 MC34063AP1 DC-DC 
converter (IC1) 

1 7555 CMOS timer (IC2) 

1 LMC6484AIN quad CMOS op 
amp (IC3) 

1 LM393N dual comparator (IC4) 

1 LM3915N dot/bar display 
driver (IC5) 

1 10-LED green/yellow/red LED 
bar (Altronics Z 0964) 

2 IRF540 100V 33A N Channel 
Mosfets (Q1,Q2) 

1 600V low gate threshold N- 
channel Mosfet (Q3) (Toshiba 
TK7A60W or equivalent) (RS 
Components Cat. 799-5201) 

1 2N7000 Mosfet (Q4) 


circuitry. This is used to shut down 
the high voltage generation when re- 
quired. Under normal operation, pin 
4 is pulled high via a 10kQ resistor to 
allow IC2 to operate. 


Voltage fault indication 


As mentioned above, the circuit 
has voltage fault indication and this 
comprises IC4, an LM393 configured 
as a “window” comparator. It drives 
LED1 when the voltage feedback signal 
fed to pin 5 of IC1 is outside the limits 
set at its pins 5 & 2 (of IC4). Normally, 
with feedback voltage in the range of 
1.2-1.3V, the paralleled open-collector 
outputs of IC4 at pins 1 & 7 will remain 
high and LED1 will be unlit. 

If the feedback voltage drops below 
1.2V, pin 1 of IC4a will go low to light 
LED1. Similarly, if the feedback volt- 
age goes above 1.3V, pin 7 of IC4b will 
go low instead to again turn on LED1. 
So if LED1 lights, it indicates that the 





1 BC337 NPN transistor (Q5) 

1 BC557 PNP transistor (Q6) 

1 LM285Z 2.5V reference (REF1) 

4 UF4007 1000V 1A fast diodes 
(D1-D4) 

4 1N4148 diodes (D5-D8) 

3 3mm red high brightness LEDs 
(LED1-LED3) 

1 3mm green high brightness 
LED (LED4) 


Capacitors 

1 470uF 16V low ESR electrolytic 
4 10uF 16V PC electrolytic 

3 100nF MKT polyester 

1 100nF 630V metallised polyester 
1 10nF MKT polyester 

3 1nF MKT polyester 


Resistors (0.25W, 1%) 
1 3.9MQ VR37/VR25 (3500V DC 
or 1600V DC) 
1 1MQ VR37/VR25 (for calibration) 
(3500V DC or 1600V DC) 
3 100kQ VR37/VR25 (3500V DC 
or 1600V DC) 
1 1.5kQ 
2 1.5kQ 1W 
1 1kQ 
2 8200 
1 1500 
1 100Q 
3 102 
4192 5% 





DC-DC converter is not producing the 
correct high voltage. 

It is not a completely foolproof 
check of output voltage because if one 
of the feedback resistors should fail or 
change its value, the feedback voltage 
could be correct but the output voltage 
will not. However, it is still a useful 
indicator as it will light up when the 
DC-DC converter is shut down or if 
the output cannot provide sufficient 
voltage under load. Of course, test 
voltages can be periodically checked 
with a multimeter. 


Output terminals 

As can be seen on the circuit, the 
positive output of the high voltage gen- 
erator connects directly to the positive 
(red) test terminal while the negative 
test terminal is connected to circuit 
ground via two 1.5kQ 1W resistors 
connected in series. These provide a 
means of monitoring the load current 
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for the Insulation Tester. 

IC3c monitors the voltage across the 
resulting 3kQ resistance via a 100kQ 
resistor. This 100kQ resistor protects 
the op amp’s input should one of the 
1.5kQ resistors go open circuit and 
allow the full 250V or 500V to be ap- 
plied. Diode D7 clamps the input to 
just over the +9V supply. 

IC3c amplifies the voltage across the 
3kQ resistance by a factor of two when 
switch S2 is in the 250V position. In 
the 500V setting, S2 disconnects the 
associated 100kQ resistor from ground 
and connects another 22kQ resistor 
between pin 5 of IC1 and ground. As 
well as doubling the output from the 
high-voltage generator, it converts IC3c 
to a unity gain voltage follower. So 
either way, the following LED display 
circuitry involving IC5 gets the correct 
signal range which is fed via a 6.8kQ 
resistor and 10kQ trimpot VR2. 

IC5 is an LM3915 logarithmic dot/ 
bar driver and this drives the 10-LED 
display. An internal 1.25V reference at 
pin 7 sets the full-scale input voltage. 
IC5 is set in dot mode, meaning that 
only one LED in the 10-LED bargraph 
is driven at any one time. 

For our circuit, full scale is when the 
LED at pin 10 is lit and this is labelled 
707kQ. Other LEDs show 1MQ, 1.4MQ 
etc, as mentioned above. If any of the 
10 LEDs in the bargraph is lit, the re- 
sulting LED current through the 150Q 
resistor from the +9V rail will produce 
a voltage to switch on transistor Q6 
and it shunts LED4 so it cannot light. 

If all the bargraph LEDs are off, Q6 
will be off and LED4 will light, indi- 
cating that the load across the tester’s 
terminals is more than 16MQ. So in 
practice, with nothing across the test 
terminals, LED4 will be lit. 


Over-current trip 

As noted above, the trip circuit shuts 
down the high voltage if the leakage 
current exceeds 1mA in the 500V set- 
ting and 500uA for the 250V setting. 

The over-current detection circuitry 
comprises op amps [G3a, IC3b, Q3 
& Q4 and REF1. REF1 is an LM285 
2.5V reference and IC3b buffers it 
and feeds the inverting input of IC3a 
at pin 2. IC3a’s non-inverting input at 
pin 3 monitors the output of IC3c via 
a voltage divider comprising a 20kQ 
and 100kQ resistor. 

IC3a is connected as a comparator. If 
IC3c’s output goes above 3V, the load 
current through the two 1.5kQ current 
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monitoring resistors will evidently be 
above 1mA (for the 500V DC setting). 
So with a voltage just above 3V from 
IC3c, IC3a’s output goes high and D5 
pulls pin 3 up even further to ensure 
IC3a then stays latched. IC3a’s high 
output then switches on Mosfet Q4 and 
it pulls down pin 4 (the reset input) of 
IC2. IC2 now acts as a gate and shuts 
off the drive to Mosfet Q2 to kill the 
output of the high voltage generator. At 
the same time, LED2 lights to indicate 
that the high voltage is off and the over- 
current circuit has tripped. 

In addition, diode D8 drives the gate 
of Mosfet Q3 to discharge the 100nF 
high-voltage supply capacitor via two 
100kQ resistors. And finally, diode D6 
drives the input of IC3c to well over 
3V so that the LED display will show 
a low reading, ie, “<700kQ”. 

As mentioned previously, the high- 
voltage error LED (LED1) will also light 
to indicate that the high voltage has 
shut down. To return to normal opera- 
tion, the Insulation Tester is simply 
switched off and on again. 

Pushbutton switch S3 connects the 
two 100kQ VR25/VR37 resistors on 
the positive high-voltage supply to 
the negative test terminal. The result- 
ing current through the 3kQ monitor 


<10Hz 


resistance causes the circuit to trip 
out as described earlier. The trip test 
current is 2.5mA at 500V and 1.25mA 
at 250V. These test currents are more 
than twice the rated trip current but 
will at least verify that the trip current 
circuit will work. 

If you are unfortunate enough to get 
a shock from this Appliance Insulation 
Tester, it shuts down the high voltage 
to safe levels within 40ms (much faster 
than any RCD is supposed to discon- 
nect the 230VAC mains supply in the 
event of a fault or shock). 


9V battery 


A QV battery powers the circuit and 
it is connected via switch S1 in the 
positive lead. Mosfet Q1 is connected 
in the negative lead to the battery and 
provides protection against reversed 
polarity (ie, when you connect the 
battery the wrong way around). If the 
polarity is correct, the internal diode 
in Q1 will conduct and Q1’s gate will 
be driven to 9V via a 1kQ resistor to 
switch it on. If the 9V is reversed, Q1’s 
internal diode will be reverse biased 
and the Mosfet will remain off. 

A low battery indicator is provided 
by op amp IC3d, connected as a com- 
parator. It compares the 2.5V from 


Power: 9V at 25mA for a 500V output, 18mA for 250V (with >16MQ leakage 
resistance), 110mA at 600kQ leakage and 500V test voltage 


Low voltage indication: 7.5V. Circuit operates down to 5V 


Output voltage: 500V and 250V with <1% variation from no load to 1mA trip point 
Leakage trip current: 1mA at S5O0V, 500pA at 250V 

Trip test current: 2.5mA at 500V, 1.25mA at 250V 

High voltage discharge rate: the 500V output drops below 50V in 40ms 
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Fig.4: follow this parts layout diagram and the photo at right to build the PCB but don’t solder 
the LEDs or connect the insulated banana sockets until after the front panel PCB is attached 
(see text). Figs.5&6 on the following pages show the transformer winding details. 


REF1 with a sample of the battery 
voltage fed via the 20kQ and 10kQ 
resistors on pin 13. This will cause 
the comparator to switch its output 
to turn on LED3 for battery voltages 
of less than 7.5V. The 1MQ resistor 
between pins 14 & 13 provides 135mV 
of hysteresis to stop any flickering of 
the LED. Note that the circuit will 
continue to operate down to about 5V. 

Note also that we have not provided 
a separate power indicator LED since 
either the LED bargraph or LED4 will 
light whenever power is on. 


Assembly 

The assembly is straightforward, 
with all parts installed on a double- 
sided PCB coded 04103151 and meas- 
uring 86 x 133mm. A second PCB 
(coded 04103152, 90 x 151mm) is used 
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as the front panel and this replaces the 
lid of the UB1 plastic utility box that’s 
used to house the unit. 

The two PCBs can be obtained either 
as part of a complete kit (ie, from parts 
retailers) or can be purchased as sepa- 
rate parts from the SILICON CHIP Online 
Shop (www.siliconchip.com.au). 

Fig.4 shows the parts layout on 
the main PCB. Begin by installing 
the resistors and diodes, taking care 
to ensure that the latter are correctly 
orientated. Table 1 overleaf shows the 
resistor colour codes but you should 
also check each one with a multimeter 
before fitting it to the PCB. 

Two 1Q resistors must be installed 
on the underside of the PCB. These are 
mounted directly under the two 192 
resistors (located adjacent to IC1) and 
are installed in parallel with these two 





resistors. It’s just a matter of soldering 
their leads directly to the pigtails of 
the top resistors. 

Note that VR25 or VR37 resistors 
must be used in the positions marked 
with an asterisk (*). In addition, 
two different diode types are used — 
1N4148 and UF4007. Be sure to install 
the UF4007 diodes adjacent to T1. 

Once the resistors are in, install the 
three PC stakes. These are used for 
the positive and negative terminals 
adjacent to the test lead sockets and 
for the TP GND terminal (near Q4 at 
bottom left). 

The ICs can now be installed. Make 
sure that the correct IC goes in each 
position and that it is orientated as 
shown on Fig.4. IC1, [C2 & IC4 are all 
8-pin devices, so be careful not to get 
them mixed up. 
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The primary & secondary leads that emerge from the bottom of the transformer 
are soldered directly to their respective pads on the underside of the PCB. Note 
that two 10 resistors (circled) are also soldered to the underside of the PCB. 
These go directly under the two 1 resistors on the top of the PCB and are 
soldered directly to their solder pads, so that all four resistors are in parallel. 


Follow with the capacitors, taking 
care to install the electrolytics with the 
correct polarity. Note that the 470uF 
capacitor (near power switch S1) must 
be a low-ESR type. Note also that the 
top of each electrolytic capacitor must 
be no more than 15mm above the PCB, 
to allow clearance for the front panel 
PCB. It may be necessary to mount the 
470uF low-ESR capacitor on its side 
to meet this requirement, as shown in 
the photos. 

Transistors Q5 & Q6 and Mosfet Q4 
can now go in. Q5 is a BC337 NPN 
type while Q6 is a BC557 PNP type, so 
don’t get them mixed up. The LM285Z 
(REF1) be also now be installed — it 
goes in to the left of IC3. 

Multi-turn trimpots VR1 & VR2 are 
next on the list. VR1 (1MQ) goes in 
with its adjustment screw towards the 
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top edge of the PCB, while VR2’s ad- 
justment screw goes to the right. VR1 
(1MQ) could be marked as 105, while 
VR2 (10kQ) may be marked as 103. 

Now for the three switches. S1 & 
S2 can be installed either way around 
— just push them all the way down 
onto the PCB and make sure they are 
seated correctly before soldering their 
terminals. By contrast, S3 (at top right) 
must be orientated with its common 
pin towards the lower edge of the PCB. 
This pin is marked with a “C” on the 
switch side. 


Power Mosfets 


As shown in the photos, Mosfets 
Q1-Q3 must be mounted horizontally, 
with their leads bent down through 90° 
to go into their respective PCB holes 
(this is necessary so that they don’t 





foul the front panel PCB). Q1 and Q2 
are both IRF540 types, while Q3 is a 
TK7A60W type (or equivalent). 

Begin by soldering these Mosfets in 
at full lead length, taking care to ensure 
that each is orientated correctly (Q1 & 
Q2 face in opposite directions). That 
done, grip the leads of each device in 
turn using needle-nose pliers and bend 
it over so that its body sits horizontally 
above the PCB. 

Note that if Q3 has a metal tab, it 
should be covered with heatshrink 
tubing as the tab will have a high volt- 
age on it. The specified TK7 A60W has 
a plastic insulated tab and so does not 
require heatshrink insulation. 


Installing the LED bargraph 


The LED bargraph is mounted us- 
ing a 20-way wire-wrap socket strip. 
First, break the socket strip into two 
10-way strips and plug these into the 
bargraph pins. That done, insert the 
socket strips into the holes on the 
PCB with the bargraph’s anode at top 
right, as indicated by the chamfer on 
one edge (see Fig.4). 

Finally, solder the pins so that the 
top of the display is 18mm above the 
PCB. It’s best to solder one end pin 
first, the adjust the display as neces- 
sary before soldering the diagonally 
opposite end pin. The remaining pins 
can then be soldered once everything 
is correct. 


Winding the transformer 

Fig.5 shows the transformer wind- 
ing details. It’s wound on a plastic 
bobbin which is then fitted into a pot 
core assembly. 

The primary goes on the plastic bob- 
bin first and is wound using 10 turns of 
0.5mm enamelled copper wire (ECW). 
These turns are wound on side-by-side 
(ie, close-wound), with the wire ends 
brought out through the notched exit 
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PRIMARY WINDING 
10 TURNS OF 0.5mm 
ENAMELLED COPPER 

WIRE 


Fig.5: the transformer primary consists of 10 turns of 0.5mm-diameter 
enamelled copper wire (ECW), while the secondary is wound using 
120 turns of 0.25mm-diameter ECW in three 40-turn layers. Note that 
one lead of each winding is brought out at the top of the bobbin, while 
the other is brought out at the bottom (see text & photos). 


M3 x 25mm NYLON SCREW 













NYLON WASHERS 


M3 x 9mm TAPPED 
NYLON SPACER” 


M3 x 6mm —| 
NYLON SPACER 


NYLON WASHERS 
M3 NYLON NUT 


SECONDARY WINDING 
3 LAYERS OF 40 TURNS 
EACH; 0.25mm 
ENAMELLED COPPER 

WIRE (120T TOTAL) 


M3 x 5mm SCREWS 
( NYLON WASHERS 
LYN 






M3 x 9mm TAPPED 
“—— NYLON SPACER 


PCB 
gi + — M3x 6mm 
_——3 NYLON SPACER 


Noe 
G NYLON WASHERS 






M3 x 12mm SCREWS 





Fig.6: this diagram and the two photos at right show the mounting details for the transformer. It’s secured in place 
using three sets of Nylon spacers, Nylon washers and Nylon screws. 


points on the top and bottom of the 
bobbin. Once it’s on, cover the winding 
with a layer of 10mm-wide insulating 
tape to hold it in place. 

By contrast, the secondary consists 
of 120 turns of 0.25mm ECW and is 
wound using three 40-turn layers, each 
separated by a layer of insulation tape. 
As before, the start and finish windings 
exit from two notched exit points on 
the top and bottom on the bobbin. 

The secondary is also close-wound 
but note that 40 turns will not fit side- 
by-side across the bobbin. This means 








Value 
3.9MQ 
1MQ 
100kQ 
22kQ 
20kQ 
10kQ 
6.8kQ 
3.3kQ 
2.2kQ 
1.5kQ 
1kQ 
8202 
1500 
1002 
102 
19 
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that some of the turns in each layer 
will have to go directly over the top of 
the others. Ideally, each layer should 
start on one side of the bobbin and be 
wound progressively toward the op- 
posite side of the bobbin. Make sure 
that all three layers are wound in the 
same direction. 

Secure the top secondary winding 
layer with another layer of insulation 
tape to hold it in place. 

The next step is to cut an 11mm OD 
spacer from 0.25mm-thick cardboard. 
This spacer is used to separate the two 


4-Band Code (1%) 

orange white green brown 
brown black green brown 
brown black yellow brown 
red red orange brown 

red black orange brown 
brown black orange brown 
blue grey red brown 
orange orange red brown 
red red red brown 

brown green red brown 
brown black red brown 
grey red brown brown 
brown green brown brown 
brown black brown brown 
brown black black brown 
brown black gold brown 


pot core halves (it produces an air gap 
which prevents saturation in the ferrite 
cores). Once you’ve cut the spacer to 
size, cut aneat 3mm hole in its centre. 

The pot core halves can now be 
placed over the bobbin with the spacer 
between them (ie, the spacer fits inside 
the bobbin). Check that the four leads 


abley2iCanacitorcodes) 










Value uF Value IEC Code EIA Code 
100nF 0.1pF 100n 104 
10nF 0.01uF 10n 103 
inF 0.001 uF in 102 





5-Band Code (1%) 

orange white black yellow brown 
brown black black yellow brown 
brown black black orange brown 
red red black red brown 

red black black red brown 

brown black black red brown 
blue grey black brown brown 
orange orange black brown brown 
red red black brown brown 
brown green black brown brown 
brown black black brown brown 
grey red black black brown 
brown green black black brown 
brown black black black brown 
brown black black gold brown 
brown black black silver brown 
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The front panel PCB (with the insulated banana sockets fitted) is secured to the main PCB assembly by fitting it over the 


three switch shafts and doing up nuts on either side. Once it’s in place, the LEDs are pushed through the front panel and 


soldered and the banana sockets connected to their respective test terminal pads. 


from the bobbin exit through the core 
notches, then secure the core assembly 
using an M3 x 25mm screw, two Nylon 
washers (one at the top and one at the 
bottom) and an M3 nut (see Fig.5). 
Cut off any excess screw length using 
side cutters. 

The transformer is now fitted into 
its hole in the PCB with its 0.5mm pri- 
mary leads to the left (ie, near Q2) and 
its 0.25mm secondary leads to the right 
(near D1-D4). One lead on each side 
will exit on the top of the PCB, while 
the other two leads exit the transformer 
on the underside of the PCB. 

Once it’s in position, secure the 
transformer in place using three M3 x 
9mm tapped Nylon spacers, three M3 
x 6mm Nylon spacers and M3 screws 
and washers — see Fig.6. The ends of 
the windings can then be trimmed, 
striped of insulation using a sharp 
knife and soldered to their respective 
pads on the PCB. 

All that remains before the calibra- 
tion procedure is to install the battery 
snap connector. Loop its leads through 
the two strain relief holes as shown 
on Fig.4 before soldering them to 
their pads. 

Note that LEDs1-4 and the two ba- 
nana socket terminals are not installed 
at this stage. 


Test & calibration 
Before going further, note that the 
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This adaptor cable makes it easy to connect one of the Insulation Tester’s 
probes to both the Active & Neutral leads of the appliance being tested at the 
same time. It’s made by cutting the socket and about 150mm of lead from the 
end of an extension cord, then connecting the socket’s Active and Neutral 
wires together and terminating them in a solder eyelet. The Earth wire is cut 
back out of the way and the cable sleeved in heatshrink and marked. The 
appliance to be tested is plugged into this socket and one of the Insulation 
Tester’s probes connected to the solder lug while the other probe goes to the 
appliance’s external metalwork or chassis. 


inverter circuit generates a high volt- 
age (up to 500V DC) and this can give 
you a nasty shock. In particular, note 
that the trip current protection circuit 
only works for connections between 
the “+” and “—” high-voltage terminals. 
It’s there to provide protection against 
accidental contact with the output 
terminals, mainly when the unit is 
installed in its case. 

Conversely, any contact between 
the circuit ground (or any other low- 








.com.au/Shop/4 or call (02) 9939 3295 
and quote your credit card number. *See website for overseas prices. 


voltage point on the circuit) and high 
DC voltage on the “+” output will not 
cause the circuit to shut down. So 
take care and apply power only when 
your other hands are safely away from 
the PCB. 

To test the unit, you will need to 
first solder short lengths (eg, 10mm) 
of red and black mains rated wire to 
the “+” and “—” high-voltage PC stakes 
(the output sockets are not installed 
at this stage). The test and calibration 
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This is the view inside the completed Appliance Insulation Tester. The 
battery is clipped into a holder that’s attached to the lefthand side of the 
case 15mm up from the bottom and between two sets of internal ribs. 


procedure is as follows: 

(1) Connect a multimeter using clip 
leads across these “+” and “—“ high- 
voltage leads and set S2 to the 500V 
position. 

(2) Apply power (keep your hands 
away from the leads) and check the 
high-voltage output. Assuming you get 
a reading, carefully adjust VR1 (using 
an insulated screwdriver) for a reading 
of 500V DC on the multimeter 

(3) Set S2 to its 250V position and 
check that the reading is 250V. 

(4) Switch off and connect a 1MQ 
VR25 or VR37 resistor across the high- 
voltage terminal wires. 

(5) Set S2 for 500V, apply power and 
adjust VR2 anticlockwise until at least 
the third LED (from the left) in the LED 
bargraph lights. 

(6) Adjust VR2 clockwise until the 
second LED (the 1MQ indicator) just 
lights, then set S2 to 250V and check 
that the unit shows the same 1MQ read- 
ing on the LED bargraph. That’s it—the 
calibration procedure is complete. 


Final assembly 


Now for the final assembly. First, 
insert LEDs1-4 into their PCB holes, 
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noting that LED4 is green and that all 
LEDs mount with their anode lead 
towards the lower edge of the PCB. If 
the LEDs all have a clear body, you can 
usually determine which is the green 
LED by using the diode test feature on 
your multimeter. The LEDs may only 
glow dimly using this test but that’s 
all that’s needed to reveal the colours. 

Don’t solder the LEDs at this stage 
but just leave them sitting in place on 
the PCB. 

Next, wind a single nut all the way 
down onto each switch mounting 
thread. Once these are in place, fit the 
red and black shrouded banana sockets 
to the front-panel PCB and secure them 
with the supplied nuts. Do the nuts up 
tightly, then fit the front panel over 
the three switches and push it down 
so that the LED bargraph goes into its 
rectangular hole. 

Note that the corners of this rectan- 
gular hole may need to be “squared off” 
using a file so that the bargraph will fit. 

Now adjust the three previously- 
fitted switch nuts so the LED bargraph 
display sits flush with the top of the 
front panel. Check also that the panel 
is parallel to the PCB, then fit nuts 





to the top of the switch threads and 
tighten them down to hold the assem- 
bly together. 

The four LEDs can now be pushed 
into their front panel holes and their 
leads soldered. In addition, you will 
need to solder the high-voltage output 
leads to the banana socket terminals. 


Preparing the case 

Only a small amount of work is re- 
quired on the case. The first step is to 
attach a mounting clip for the 9V bat- 
tery to the inner lefthand side. That’s 
done by drilling a 3mm-diameter hole 
some 15mm up from the outside bot- 
tom of the box and between two sets 
of ribs (see photo). The mounting clip 
can then be attached using an M3 x 
10mm screw and nut. 

In addition, the internal ribs on the 
case ends must be cut down, as they 
prevent the front panel from sitting 
directly onto the four corner pillars. 
This can be done using side cutters 
or a sharp hobby knife. 

The 9V battery can then be clipped 
into its holder and the completed PCB 
and front panel assembly lowered 
into position and secured using the 
supplied screws. That done, switch it 
on and check that the output voltages 
(250V and 500V DC) are correct. 

Finally, press S3 to check that the 
Trip function works correctly. If it 
does, LED2 should light to indicate 
that this has occurred. 


Testing appliances 

When testing appliances, the con- 
dition of the mains plug, lead and 
earth connection (where used) will 
need to be checked. Make sure that 
mains wires are not frayed, repaired 
with insulation tape, broken or ex- 
posed. For earthed appliances, check 
the resistance between the Earth pin 
on the mains plug and any exposed 
metal. There should be less than 12 
resistance when measuring with a 
multimeter set to the low ohms range. 

The accompanying photos show 
how the Appliance Insulation Tester 
is used to test a mains appliance. One 
probe is used to simultaneously con- 
nect to both the Active and Neutral 
pins of the mains plug, while the other 
probe connects to any exposed metal 
parts on the appliance. The appli- 
ance’s power switch must be on. 

Note that some metal parts may be 
painted or anodised and so contact 
with bare metal will not be made with 
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SET TO ON 


the probe. The way around this is to 
scrape away any coating (without 
causing too much unsightly damage) 
so that a proper connection is made 
to the metal. 

The Active and Neutral mains plug 
connection can be made using a large 
clip attached to the probe. Alterna- 
tively, the appliance could be plugged 
into an extension cord mains socket 
which has its Active and Neutral leads 
brought out, connected together and 
terminated in a crimp eyelet for easy 
connection to the tester — see photos. 
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POWER SWITCH 


nis jigsaw gave an insulation 
resistance measurement of 

>16MQ© on the 500V test range, 
indicating that it is safe to use. 






An insulation resistance 
reading of around 4MQ was 
the result when testing this old _ 
soldering iron. This indicates 
some leakage but it’s still _ 
safe to use. By contrast, any 
appliance with an insulation 
resistance of 1MQ or less is 


Note that normally a 500V insula- 
tion resistance test should be made but 
when an appliance test fails because of 
internal over-voltage protection (eg, if 
MOVs are fitted), then a 250V test can 
be made instead. 

Any appliance that has a measured 
insulation resistance of 1MQ or less is 
unsafe. Note that this does not apply to 
portable RCDs that have a functional 
earth or for mineral insulated metal 
sheath heating elements (for more 
information refer to the latest AS/NZS 
3760 standards). sc 










SIGNAL 
HOUND 


USB-based spectrum 
analyzers and RF recorders. 
SA44B: 
+ Up to 4.4GHz 
* _AM/FM/SSB/CW demod 
* USB 2.0 interface 
SA12B: 


+ Upto 12.4GHz plus all 
the advanced features 
of the SA44B 


AM/FM/SSB/CW demod 

USB 2.0 interface 
BB6OC: 

Up to 6GHZ 


Facility for GPS time-stamp 
of recorded RF streams 
Simultaneously monitor two 
stations or stream the entire 
FM radio band to disc. 


USB 3.0 Interface 


Vendor and Third-Party 
Software Available. 
Ideal tool for lab and test bench 
use, engineering students, ham 
radio enthusiasts and hobbyists. 
Tracking generators 
also available. 


Virtins Technology USB based 
DSO’s and Signal Generators. 


Bitscope Digital and Analog 
USB test and measurement. 


Silvertone Electronics 
1/8 Fitzhardinge St 
Wagga Wagga NSW 2650 
Ph: (02) 6931 8252 
contact@silvertone.com.au 
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Got a Boat, Van, RV, 4WD, e 
Need Light? 


Here’s a low-cost, 1000+ lumen, attractive “Oyster” LED light fitting for 
when you don’t have mains available. Or even if you do! It runs from 12- 
24VDC or even from 230VAC with an optional (low cost) mains adaptor. 





few months ago (gad, was it 
A=": January 2013?) we pre- 

sented a “LED Solar Skylight” 
from Oatley Electronics. It was (and 
still is!) very popular for introducing 
light into dark corners. 

Now they’ve come up with another 
low-voltage LED-based light fitting 
which is ideal for boats, caravans, RVs 
and mobile homes, trucks, 4WDs... 
in fact, anywhere you have 12-24V 
DC available. 

And it could also be used as a mains- 
powered LED light with a low cost, 
optional AC adaptor (albeit with a bit 
of fiddling). 

There’s virtually nothing to build 
with this one. The Oyster-style lamp 
housing is already fitted with a PCB 
containing 24 ultrabright, pure white 
LEDs in two concentric rings, 
connected in series/ 
parallel. 

In the centre of 
these is a driver 
PCB which @ 
supplies the 
40V @260mA 
required by the 
LEDs 

Overall current 
drawn from a 12V sup- 


42 SILICON CHIP 


ply is around 1.1A, dropping to about 
550mA from a 24V supply. 

Light output from the Oyster fitting 
is more than 1000 lumens. Looking 
directly at it, you’d swear it was a 
lot more! 

Incidentally, for comparison a tradi- 
tional 36W fluoro tube puts out about 
3500 lumens but that’s over a much 
wider length. 

Oyster size is about 260mm di- 
ameter x 75mm deep, so it’s not too 
dissimilar to other domestic light 
fittings. An integral 235mm diameter 
aluminium backing plate/heatsink is 
designed to be screwed to a ceiling/ 
wall/bulkhead/etc and the Oyster dif- 
fuser mounts on that via a twist onto 
three pins. 

Now a quick word to the wise: the 











diffuser is made of quite thin (and 
somewhat fragile) plastic so if you go 
at it like a bull at a gate, you’re liable 
to put your thumb or fingers right 
through it (we speak from sad experi- 
ence, don’t we boss. . .). 

When disassembling, which is 
simply a matter of turning the diffuser 
with respect to the base, treat with a 
bit of care! 


The LED driver 


The driver PCB circuit is shown 
in Fig.1. 

You don’t need to worry about polar- 
ity of the DC supply as this is taken 
care of by a bridge rectifier at the input. 

However, this results in a not-so- 
insignificant voltage drop across the 
two bridge rectifier diodes (2 x ~0.6V 
or about 1.2V). 

Therefore you’re 
effectively throwing 
away 10% if itis a 

12V supply. 

: Directly 
feeding the 
filter capaci- 
tor (C1) rather 
than through the 
bridge would be 
more efficient, albeit at 
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24 ultra-high-brightness white LEDs are powered by an integral 12/24V driver 


(ignore the DC12V sticker!). The backing hardware also doubles as a LED heatsink. 


the expense of the reverse-polarity 
protection provided by the bridge. 

If you wanted to, you could feed 
the circuit with AC (obviously via 
the bridge) — say from 8 to 18 volts. 
However, this would require a much 
larger “filter” capacitor — the existing 


WHEN POWERED BY 
AC THIS CAPACITOR 
SHOULD BE >1000yF 


siliconchip.com.au 





one is 100uF; you would need at least 
ten times this for AC (preferably more 
— 2200 or 3300uUF would not be too 
much if it woud fit). This capacitor is 
bypassed by a 100nF. 

Power is applied directly to inductor 
L1 and IC1, a 60V, 4A switching cur- 


LED OYSTER LIGHT DRIVER (osnzy cectronics) 


rent boost LED driver. 

Inside IC1 is a switching Mosfet 
which turns on and off at about 
180kHz. Every time it turns off, the 
magnetic field built up in L1 collapses, 
inducing a higher voltage at the anode 
of diode D5. 

This is rectified by D5 and stored 
by capacitor C3/C4. Ordinarily, this 
voltage could be quite high but is 
limited to 56V by zener diode ZD1 
(IC1’s maximum voltage is 60V). Ifthe 
voltage across C3/C4 exceeds 56V, the 
Zener conducts and stops the inverter 
by applying a voltage to IC1’s feedback 
pin (pin 5). 

The output voltage is further 
clamped to approximately 40V by the 
24 high-brightness LEDs connected 
in series/parallel at the output. Effec- 
tively there are 12 LEDs in series, each 
dropping about 3.3V (12 x 3.3 = 40V). 

The voltage at the feedback pin of 
IC1 (pin 5) controls the duty cycle of 
the Mosfet, while pin 2 (the enable 
pin) can be shorted to ground to stop 
the inverter working. We use this pin 
to allow it to “soft start” the inverter 
so it can be used with a switch-mode 
supply, as detailed shortly. 


Operating on 230VAC 


Oatley Electronics have a very- 
low-price switch-mode power supply 
(KC24) which can deliver 24V DC at 
up to 1A. On first glance, this would 
appear to be ideal for powering the 
Oyster LED light from the mains. 


24 x 0.5W LEDS IN 
SERIES/PARALLEL 


Fig.1: here’s the LED driver which is 
contained in the white container at the 
centre of the photo above. It supplies 
around 40V DC @ 260mA from a low 
voltage DC or AC source. 





APRIL 2015 43 








Oatley’s KC24 
230V to 24V @ 
1A switch-mode 
power supply. 
It’s suitable for 
use with the 
Oyster LED 
light but that 
requires a small 
modification, as 
described in the 
text to stop the 
power supply 
shutting down at 
turn-on. 


Unfortunately, appearances can be 
deceiving! 

By its very nature, the Oyster LED 
lamp has quite a high surge current 
at switch-on, which is enough to trip 
the over-current protection circuitry 
in the KC24 supply, which turns off 
almost straight away. The high surge 
current disappears, the power supply 
again tries to start, resulting in a high 
surge current... etc etc! 

The result is that the Oyster LED 
Lamp “strobes” - a neat feature if 
you’re having a party but not quite so 
good if you’re looking for light! 

The KC24 power supply is sealed, 
so no adjustment is possible there 
(not that we’d want you to because it 
is a mains-powered device and can 
therefore “bite” very hard). 

But it’s easy enough to open up the 
LED driver in the Oyster LED Light 
and modify it slightly so that it “soft 
starts”, eliminating that surge current. 

All you need do is insert a small 
(say 10uF) capacitor in series with the 
“enable” pin of the IC, which intro- 
duces a delay of a few seconds before 
operation is enabled. In fact, if you buy 
the Oyster LED light and power sup- 
ply kit from Oatley Electronics, they 
will include a 10uF, 35V electrolytic 
capacitor for this purpose. 

You'll need to lift the enable pin (pin 


Here’s that modification required to the LED driver — a 10uF capacitor is added 


2) off the PCB. It’s not hard to do this 
as it is a surface-mount device — melt 
the solder with your soldering iron 
and use a hobby knife to prise the pin 
up, ensuring you’ve removed all the 
solder underneath (Solder Wick is 
handy for this). 

Solder the positive lead of the ca- 
pacitor to the pin (not the PCB!) and 
the negative lead to a suitable earth 
point — we used the top end of resistor 
R3, as shown in the photo. That’s all 
there is to it. 


Power supply connections 
Power wires, either 12-24V DC or 
8-18V AC go through a hole in the back 
of the Oyster LED light, very close to 
the push-button terminal block. As 
we mentioned before, you don’t need 
to worry about polarity so simply 
connect either wire to either terminal. 


Mains supply 


The KC24 power supply from Oatley 
comes with a short length of mains 
cable, fitted with a “figure 8” plug on 
one end (the end which plugs into 
the supply). The opposite end is bare 
— you'll need to fit it with a standard 
mains plug. 

Make sure you connect the two leads 






5 ee 


in series with the “enable” pin of the IC to slow its start down. This prevents it 
overloading the power supply and shutting it down. The PCB first meeds to be 
removed from the white housing in the middle of the LEDs. 
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WARNING: 230V LED Driver 


An alternative 230V AC LED driver 
(285MACC) is also available but WE 
STRONGLY RECOMMEND THAT YOU DO 
NOT USE THIS DRIVER . 

It is not an isolated supply so the whole 
LED mounting base can become live — in- 
deed, we checked this driver with the Appli- 


ance Insulation Tester described elsewhere 
in this issue and it instantly tripped it (ie, 
isolation <700kQ ). 

Stick to the SAFE 12/24V LED driver and 
if you want to run it from the mains, use 
the KC24 switch-mode supply as detailed 
above. Incidentally, we checked the KC24 
supply with the same tester and it passed 
with flying colours. 





to the Active and Neutral terminals 
in the plug — they’re either labelled 
“A” and “N” or in some cases colour 
coded, usually red (Active) and black 
(neutral). In newer plugs, the colour 
coding may conform to the IEC colours 
of brown (Active) and blue (Neutral). 

Do NOT connect anything to the 
plug’s Earth terminal (“E”, green or 
green-gold) and make sure that you 
slide the rear cover all the way onto 
the plug body. 

The DC end will probably have a 
4-pin DIN plug on it which has to be 
cut off. Stripping the outer insulation 
back will reveal four wires — red and 
black (positive) and green and white 
(negative). Note that — the black wire 
is definitely positive — it’s a trap for 
young players. 

You only need to use one pair of 
wires (ie, there’s no need to parallel 
them), say the red and the green wires, 
for DC out. These go through the hole 
in the back of the Oyster LED light to 
the push-button terminal block. As we 
mentioned before, you don’t need to 
worry about polarity. se 


Where from, how much? 


The LED Oyster Light is available from 
Oatley Electronics, PO Box 139, Ettalong 
Beach, NSW 2257; phone [02] 4339 3429 
(www. oatleyelectronics.com). 

On its own, the LED Oyster Light as 
described here (with 12/24V LED driver) 
sells for $25.00, inc. GST, (Cat No K400). 
The KC24 230V AC to 24V DC switch-mode 
supply sells for $9.95 inc. GST. 

However, at the time of writing Oatley 
Ekectronics are selling BOTH the LED 
Oyster and switch-mode supply for just 
$28.00 (Cat No K400P1), inc. GST. 

And if you want two sets, the price 
reduces to only $50.00 for both inc. GST 
(Cat No K400P2). All prices are plus freight. 
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2-Channel Active 


Speakers xc-5120 
Connect your PC or 
Smartphone to these stylish 

2 channel speakers. Mains 
powered and supplied with a 
3.5mm stereo audio cable. 

© 3W output 

© 170(H) x 90(D) x 70(W)mm 


Looks Great, 


Sounds Great 
AA-2120 


in high fidelity with these 
professionally quality bui 
stylish stereo headphone: 
Connect directly to your 


White colour. 
e 3.5mm stereo plug 
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Single Board Mini PC + Arduino = peDuino! 
pcDuino is a high performance and cost-effective mini PC combined 
with connectivity to Arduino shields. Capable of running KODI and 
operating systems such as Ubuntu and Android ICS, it has many 
amazing onboard connectivity optionst such as HDMI, USB, SATA, 
LVDS and Wi-Fi so you can use it in robotics, home theatre, signage, 
electronic control and various other applications. This is the must 
have DIY development platform for all beginner to professional 
electronic enthusiasts! 
Take your pcDuino projects to the next level by adding a 7” LVDS* 
colour LCD screen with capacitive touch capability (XC-4356). 
Extremely easy to install, this 1024x600 pixel interactive touchscreen 
display is the perfect addition for the pcDuino V3. 

LVDS & Wi-Fi only on XC-4350 * LVDS = Low-Voltage Differential Signaling 


PCDUINO V3.0 NANO xc-4352 
PCDUINO V3.0 WITH WI-FI xc-4350 
7” LCD TOUCHSCREEN TO SUIT XC-4350 xc-4356 


NOW OPEN: WARWICK FARM 


CN 
WARWIC 


Catalogue Sale 24 March - 23 April, 2015 To order p' 


N600 Dual-Band Wi-Fi 


Entertainment Bridge 

YN-8368 

The ideal solution to upgrade your slow 
54Mbps 11b/g devices to high speed 

300Mbps wireless connection. Features 
dual-band 2.4/5GHz option for interference-free 
connection. Extremely easy setup through Wi-Fi 
or built 
© Supports two simultaneous devices 


Listen to your favourite music 


Smartphone, home theatre 
system and CD/DVD players. 



















QC-3840 


$89" 


DOUBLE 
POINTS 





-in Wi-Fi Protected Setup (WPS) button. 


720p HD IP Cameras 


Our latest generation of high definition IP cameras with Wi-Fi support 
allows you to set up a surveillance system without messy cables 
and provides you with live footage anywhere, day or night. Featuring 
high quality 2-way video and audio, remote Internet viewing, motion 
detection, night-vision and automatic email /upload images functions. 
They are the most cost-effective tablet/Smartphone connected security 
camera products available. Mains adaptor included. 
© %" colour CMOS sensor 
© 1280x720 at 30fps 
¢ Supports up to 32GB microSD card 

(sold separately) 
© Supports iPhone®, iPad®, Android® Smartphones 


INDOOR QC-3840 $149 

OUTDOOR QC-3846 $169 

ALSO AVAILABLE: 

32GB MICROSD CARD XC-4992 $47.95 






D) x 97(W) x 95(H)mm 


It 
S. 





$3495 


$9995 \-0f 


XC-4352 


$139 


XC-4356 


$129 


XC-4350 


R OF SAPPHO ROAD & HUME HIGHWAY 
K FARM NSW 2170 PH: (02) 9821 3100 


hone 1800 022 888 or visit www.jaycar.com.au 





Convert Your PC To 
A Modern Media Centre 


Enjoy high definition video with audio on your big screen. These smart 
devices convert your VGA equipment (computers, laptops) to newer 
HDMI equipped displays via the VGA or USB 3.0 ports. 


VGA/USB TO HDMI CONVERTER AC-1639 WAS $79.95 
USB 3.0 (VIDEO/AUDIO) TO HDMI CONVERTER XC-4973 
VGA & R/L AUDIO TO HDMI SCALER CONVERTER AC-1617 


$8955 


XC-4973 





$99 


AC-1617 AC-1639 


: SAVE $15 


$6495 ) 


WV-7916 VALUED AT $24.95 











AR-1418 VALUED AT $9.95 





Composite and S-Video to 


VGA Video Converter xc-4906 
Ideal for connecting an old game console, VHS 
player, etc to your computer monitor or plasma TV. 
Has VGA loop through so you can have a computer 
and composite/S-video source connected to the 


CW-2833 


$4995 


LCD Monitor Desk Brackets 


Securely mounts onto a variety of desk thicknesses 








VGA to Composite 


and S-Video Converter xc-4871 

A versatile device that lets you use your wide screen 
plasma or LCD screen as a computer monitor. Great 
for watching DVDs, gaming, presentations, or just 
having a big screen on your computer. No software 


DOUBLE 
POINTS 


$6995 
USB to DVI Adaptor xc-4879 


Connect your monitor to the computer via 

the USB 2.0 port without buying additional 
graphics cards. Use up to 6 simultaneously to 
fun screen arrays. Powered via USB. 





for landscape or portrait positions. Features fully 


same display. is required and powered from USB Port. 


adjustable arms and standard VESA mounting with 
10kg per monitor load. Monitors not included. 


SINGLE CW-2831 $49.95 
DUAL CW-2833 $69.95 


DOUBLE 
wa-7440 Wabi 


= $9995 


DOUBLE 
POINTS 








$4295 


DVI-A Plug to VGA Socket 
PA-0897 $12.95 

For connecting DVI-A or DVI-I video cards with 
VGA monitors. 

ALSO AVAILABLE: 

DVI SOCKET TO SOCKET ADAPTOR 
PA-0896 $14.95 

Compatible with DVI-I, DVI-D and DVI-A male 
connectors. 








—_ 


Mini DisplayPort 

Converter Leads 

Connect modern computers with a Mini 
DisplayPort® to a VGA, HDMI or DVI equipped 
Monitor or projector. All leads 1.8m long. 

© Mini DisplayPort® 1.1a compliant 

Supports up to 1080p resolution 

VGA CONVERTER WQ-7440 $29.95 
HDMI CONVERTER WQ-7442 $29.95 
DVI CONVERTER WQ-7444 $29.95 






WC-7590 @ili]!):]Rs 
POINTS 


FROM 


$4495 


Monitor Cables 
A variety of DVI, VGA and XVGA 
cables to suit your unique applications. 


1.8M VGA DB15HD MALE TO 


RJ12 GP/4C Wall «- 


Phone Bracket yT-6062 

Designed to allow easy installation of telephones 
which have standard US modular wall mountings. 
e Fits standard Australian electrical switch plate 

© ACA approved 


DB15HD FEMALE WC-7500 $11.95 
1.8M VGA DB15HD MALE TO 
DB15HD MALE WC-7582 $11.95 
2.0M DVI TO DVI WC-7590 $29.95 


5M XVGA DB15HD MALE TO RJ12 GP/4C LEADS SOLD SEPARATELY: 
DB15HD MALE WC-7588 $39.95 5.0M YT-6049 $7.95 
10M XVGA DB15HD MALE TO 


10M YT-6041 $11.95 


DB15HD MALE WQ-7258 $49.95 18ad Y7.5049 $14.88 





2-Port VGA/Audio Splitter 
YN-8075 

Splits a computers VGA and audio signal to two 
identical streams. The splitter provides fast, flexible 
solutions for test bench facilities, data centres or 
video broadcasting. Includes mains power adaptor 
and 1.8m male to female VGA cable. 

Bandwidth up to SOOMHz 

Resolution up to 1920 x 1200 and 1080p 







BUY 2 FOR 
Cat 5 UTP $9390 
Splitter SAVE $10 


YT-6090 $16.95 


Save time, money and space! Usually used in pairs, 


this UTP splitter enables two different devices to 
share the same Cat5 cable. 

NOTE: Cannot be used to run two computers from one 
network and not suitable for gigabit networks. 


Follow us at twitter.com/jaycarAU 






Limited stock. 
Available in-store only. 


DOUBLE 
POINTS 


$9g95 


2-Port KVM Switch 
WITH HDMI/MIC/AUDIO SUPPORT 
YN-8094 
Control 2 computers with one keyboard and mouse. 
Will also share stereo audio and mic so only one 
set of speakers/mic is needed. 
1x input cable with 2 x HDMI, 2 x USB and 2 x 
3.5mm plugs 
© 3 x HDMI to DVI adaptors included 
(1 for monitor, 2 for PCs) 













FROM 


1495 


IP67 RJ45 Connectors 
High quality RU45 connectors suitable for harsh 
environments. 


RJ45 SOCKET PS-1450 $27.95 
RJ45 PLUG = PP-1452 $14.95 
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XC-0321 VALUED AT $19.95 


19” Rack serene 118-5125 
Mount Cabinets 


Jaycar's 19” rack mount cabinets are ideal for IT 
or phone system installations, studios and PA 
systems, with a size and configuration to suit your FROM 
application. These cabinets are solid steel powder $ 95 
coated to provide high strength and rigidity under 

load and are packed flat for convenient transport. SAVE UE TD S20 






FROM FROM 





SAVE UP TO $40 HB-5170 SAVE UP TO $40 





Coupled with our wide range of accessories and . . . ‘ 
options, these 19” rack mount hardware are value Equipment Cabinet Fixed Frame Swing Frame 
for money and offer you outstanding features found ALUMINIUM FRONT PANEL CLEAR TEMPERED GLASS DOOR CLEAR TEMPERED GLASS DOOR 
on more expensive units. Unbeatable value! 1U HB-5120 6U HB-5170 6U HB-5180 
WAS $69.95 NOW $64.95 SAVE $5 WAS $159 NOW $139 SAVE $20 WAS $219 NOW $199 SAVE $20 
TECH TIP! SAVE TIME & MONEY 2U HB-5125 412 HB-5174 12U HB-5182 
Ra hinpioniloween oe RL al WAS $109 NOW $99 SAVE $10 WAS $229 NOW $189 SAVE $40 WAS $299 NOW $259 SAVE $40 
value-for-money network installation and 
troubleshooting testers. 3U HB-5130 


WAS $129 NOW $109 SAVE $20 


See our website or ask us now. 


5% OFF THESE 19” RACK MOUNT ACCESSORIES FOR REWARDS CARD HO HANDY TOOLS FOR 


NETWORK INSTALLERS 





YN-8046 


— 2 $9995 


$29% 495 


Rack Cable Supports Patch Lead Cat 5/6 24-Port Patch Panels Cat5 Adjustable 


Take the pain out of wiring and fault-finding rack Management Panel 48-5434 Sleek attractive looking rack mount 24 port patch Punch-Down Tool tH-1740 
cabinets. These high quality supports keep your 1U size, keeps all your patch leads under control panel witha hard metal exterior. Numbered ports Designed for seating wire into terminal blocks 
Cables organised and neat, and provides strain relief ABEDS at YOULD and a labelling area for each port and ie ain adjustable internal impact mechanism 


HB-5432 





at the same time. 1U, SUITS CATSE YN-8046 $49.95 Supplied with 88 blade. 152mm long 


1U HB-5430 $24.95 1U, SUITS CATE YN-8048 $69.95 ALSO AVAILABLE: 
2U HB-5432 $29.95 7 


ATTTITITL LEAL ON 110 REVERSIBLE KRONE BLADE TO SUIT 


PEELE WAU — nevi 
PETEULVVAANA ANS | ee 









FROM 





HB-5420 $4,950 PTETVVLAAA AWN $6995 > s 19° 
Blank Panels Rack Shelves 6-Way Power 
Black powder coated panels for filling in unused \deal for equipment that you want to include in your Distribution Unit ms-4094 
space or configuring to your own requirements. 19” rack but doesn't have rack-mounting ears. Each 
Mount hardware included shelf is punched with ample slots for ventilation and Power 7 bse pd saints ki : 6P/8P Modular Crimp Tool 

takes loads af up fo 20Kg your rack setup. Surge/overload protecte TH-1935 

1U BLANK PANEL HB-5420 $10.50 and fits any standard 19” rack. Includes This tool will crimp 6P2C, 6P4C-RJ11, 6PEC-RU12 
2U BLANK PANEL HB-5422 $12.95 1U FIXED SHELF HB-5452 $49 1.6m power lead and 8P-RJ45 plugs. Also cuts and strips the cable. 
1U BLANK VENTED HB-5424 $18.95 2U FIXED SHELF HB-5454 $69 a es sae 
1U BLANK VENTED HB-5426 $27.95 10 SLIDING SHELF HB-5450 $89 










DOUBLE POINTS FOR Renee CARD HOLDERS ON THESE UNINTERRUPTIBLE POWER SUPPLIES’ 


urchase of MP-5224, MP-5201, MP-5207 or Mi 





DOUBLE 
Protect your valuable setup with our value-for-money Uninterruptible Power Supplies. Keep your POINTS 


systems running long enough to save critical data when the mains power fails. 





MP-5201 . MP-5212 


Features Line interactive, Line interactive, desktop Line interactive, smart LCD } On-line, smart LCD rack 5g $449 
economical model model desktop model mountable (2U height) MP-5224 MP-5212 








Load Rating 6O0VA, 300W 650VA, 360W 1500VA, 900W 1000VA, 700W 





Internal SLA Battery 12V/7AH x1 12V/7AH x1 12V/9AH x2 12V/TAH x3 





Output Waveform Modified Sine Wave Modified Sine Wave Modified Sine Wave Pure Sine Wave 





Transfer Time <10 ms <10 ms <10 ms Instant 





Power Outlets 6 x AUS (3 bypass, 3 2x AUS mains 2x AUS mains 6x IEC 
mains) 





Backup Time (Typical) 31 mins / 11 mins / 25 mins /9 mins / 5 mins 94 mins / 49 mins / 95 mins / 47 mins / 
4.5 mins 31 mins 32 mins 





$299 


MP-5207 





To order phone 1800 022 888 or visit www.jaycar.com.au See terms & conditions on page 8. 





REWARDS CARD OFFER 
BUY 2 FOR 


$159 


QC-3834 










VGA 480p 


BASE UNIT WITH 1 CAMERA (QC-3675 $219 
aaa a Simple to install wireless surveillance system with 7” LCD 
and infrared camera for day/night recording to microSD 
card (sold separately). Expandable up to 4 cameras. 
ed ADDITIONAL CAMERA QC-3677 $109 





REWARDS CARD OFFER 
BUY 2 FOR 


$299 


Wireless Surveillance Package 






REWARDS CARD OFFER 


QC-3844 BUNDLE DEAL! 


VALUED AT $328 
BUNDLE DEAL INCLUDES: 





HD 720p 


TECH TIP! BENEFITS OF IP CAMERAS 





Monitor Your Workspace From Your Smartphone 
Create a professional monitoring system with these DIY Wi-Fi IP cameras. Features pan/tilt and 


© Remote accessibility 
e Integration with other systems 
© Two way communications 


infrared LEDs for maximum visibility day or night. View live feed with your smartphone using free to 
download App, broadband required. 


UHF CB RADIOS AC-1730 


FROM 


$6495 


HDMI Extenders Over Cat5e/6 
Extend your HDMI signal using Cat5e/6 cable. 
Use your remote in either location with the built-in 
infrared transmitter. 









REWARDS CARD OFFER 
BUNDLE DEAL! 


$199 





30M* with 2 x Cat5e/6. AC-1730 $64.95 


50M* with 1 x Cat5e/6. AC-1732 $139 
* Depending on cable used and resolution. 
See website for details. 





VALUED OVER $228 
BUNDLE DEAL INCLUDES: 


5W UNDER-DASH UHF DC-1120 $149 

Compact under-dash unit with long transmission range up to 20km line of 
sight*. Features 80 channels, channel scan, repeater access, CTCSS, and 
signal strength meter. Microphone, lead and mounting bracket included. 


HIGH GAIN ANTENNA to suit DC-1120. UHF 5dBi with 5m cable. 
DC-3078 $79.95 






FROM 


49% eae oy! MP-3332 


Keep Your Laptops/USB oe Charged! 
Replace your lost or broken laptop charger without having to buy 
the expensive branded replacements. These mains power supplies 
® include 1A or 2.1A USB charging ports and quick-change output 
plugs. See website for specifications and compatibility. 


65W FIXED-SLIM MP-3321 $49.95 


3W Floating UHF 
DC-1074 $119 

A robust floating 80-channel 
transceiver with transmission range 
up to 10km line of-sight*. 
Featuring CTCSS function, 
Hi/Lo power output, auto 
squelch function and low 
battery display. Includes a 
Li-ion rechargeable battery, 


REWARDS CARD OFFER 
BUY 2 FOR 


AC adaptor and charging 90W AUTOMATIC-SLIM MP-3332 NEW $79.95 
cradle. 120W FIXED-SLIM MP-3329 $89.95 
© |P67 rated 


144W MANUAL MP-3471 $119 
“Typical open field (line-of-sight), range will vary in built-up areas. 


a 


....and MORE! Ask us about our full range. 





$89 


Composite AV Extender 


Balun over Cat5 ac-3681 
Transmit crystal-clear audio and video 
signals over long distances via economical 
Cat5 cable. Ideal for extending the range 
of your remote control. The signals can be 
transmitted up to 300 metres on UTP. 


SPARE IR RECEIVER 
AR-1819 $19.95 










119 


VGA Extender 


over Cat5 ac-1671 

Transmits VGA and audio signals 

across a standard CATS cable 

for distances up to 300 metres. 

Suitable for VGA cable runs 

through existing wiring in a wall 

or ceiling. Sender and receiver 

pair with plugpacks included. 

© Supports up to 1920x1200 
resolution 


595 POP SIO 


9OW Automatic Car Laptop Power Supply 
MP-3323 

High efficiency, ultra-slim power supply with automatic output that 
connects to your car's cigarette lighter socket. Features a 2.4A USB 
port, LCD display and includes 13 interchangeable plugs to suit most 
laptops. See website for compatibility. 

Input voltage: 12VDC 

© Output voltages: 14-24VDC / 5VDC (USB) 

© Output current: 6A / 2.4A (USB) 

© 64(L) x 50(W) x 17(H)mm 





DOUBLE POINTS ON THESE REPLACEMENT BATTERIES AND CHARGER FOR REWARDS CARD | HOLDERS" 


“Valid for purchase of SB-1770, SB-1771, SB-1774, SB-1775, SB-1653, SB-1654, SB-1651, SB-1646, SB-1634, SB-164E 





Rechargeable Cordless Telephone Batteries 
Suitable for Uniden or Panasonic cordless phones, all 
batteries are wrapped with suitable connectors. 
See website for compatibility or speak to us 
to find a suitable replacement battery for you. 


SB-1654 


FROM 


1495 


GP BATTERY NO. 
65AAAH2BMS 





Non-Rechargeable 


Computer Backup Batteries 
High capacity batteries used in many computers 
to retain critical system information while the 
computer is switched off. 


HALF AA 900mAh SB-1770 $11.95 


HALF AA WITH TAGS 900mAh 
SB-1771 $13.95 


AA 2000mAh SB-1774 $16.95 
AA WITH TAGS 2000mAh SB-1775 $18.95 


BATTERY TYPE 
2.4V 650mAh Ni-MH 


PRICE 
$B-1653 





SB-1654 
SB-1651 


2.4V 650mAh Ni-MH 65AAAH2BMJ 





2.4V 800mAh Ni-MH 80AAM2BMS 





SB-1646 


3.6V 650mAh Ni-MH GP65AAAH3BMS 





SB-1634 3.6V 850mAh Ni-MH GP85AAALH3BMS 


GP100AAS3BMS 





$B-1648 3.6V 1000mAh Ni-Cd 
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$3495 


Panasonic Ni-MH Battery Charger ms-3563 
Charges both AA and AAA Ni-MH batteries. The included Eneloop 
batteries are pre-charged and will last over 3 times longer than regular 
rechargeable batteries. 

© Includes 4 x AA Eneloop rechargeable batteries 





Catalogue Sale 24 March - 23 April, 2015 





Jayear 












FOR DATA AND TELEPHONE COMMUNICATIONS 
DOUBLE POINTS FOR REWARDS CARD HOLDERS’ 


5- 1478, PP-0803. PS-0806, 2 XC-4238, XC-4241, XC-4269 or XC-4270. 


MAX232 RS-232 IC zk-8824 

Dual receiver/transeiver IC to suit EIA/TIA-232E and 
V.28/V.24 communications interfaces. 

e +5V powered 


PCB Mount Data Connectors 
Handy right-angle connectors to complete your 
Arduino communication projects. 


RJ45 8/8 SOCKETS PS-1478 $2.45 
DBS DATA PLUG PP-0803 $2.95 
DBS DATA SOCKET PS-0806 $2.95 





USB-Serial Adaptor Module 
XC-4241 

Connects to the USB port on your computer and 
acts as a virtual serial port, converting the USB 
signals to either 5V or 3.3V logic level serial data. 


OLED Shield xc-4269 

Use this handy shield to connect the 128x128 pixel 
OLED module (XC-4270) to your Arduino projects. 
Display menus on the screen, use the analogue 
joystick for selection, and give audible feedback. 






VALUED OVER $184 
BUNDLE DEAL INCLUDES: 
ETHERMEGA BOARD XC-4256 $119 
The ultimate network-connected Arduino-compatible board combining 
ATmega2560 MCU, onboard Ethernet, a USB-serial converter, a 
microSD card slot, Power-Over-Ethernet support (use XC-4254, sold 
separately), and an onboard switchmode voltage regulator. 


MEGA PROTOTYPING SHIELD XC-4257 $17.95 
CLASS 10 32GB MICROSD CARD XC-4992 $47.95 


Stackable Header Set Mixed 10-Piece Jumper Leads 
HM-3207 For use in arduino projects, school experiments, or 
The perfect accessory to the ProtoShields and RC and other hobbyist activities. 155mm long. 
vero type boards when connecting to your Arduino PLYG TO SOCKET/SOCKET TO SOCKET 
compatible project. WC-6021 $3.95 


© 2x8 pin and 2 x 6 pin included PLUG TO PLUG WC-6022 $3.95 


Transcend 
mist 


Adapter 











FROM 


$995 





PB-8814 


Resistor Pack 300-Pieces 
RR-0680 

This assorted pack contains 5 of virtually each value 
from 100 to 1MQ. 

© 0.5W 1% mini size metal film 

See website for full contents. 


Solderless Breadboards 
Three sizes of breadboards to suit 
all your project needs. 


300 TERMINAL HOLES PB-8832 $9.95 
640 TERMINAL HOLES PB-8814 $19.95 
1280 TERMINAL HOLES PB-8816 $39.95 


To order phone 1800 022 888 or visit www.jaycar.com.au 


BUILD YOUR OWN ARDUINO SERIAL ADAPTOR 



















$495 
Etch Resistant 


Pen Tm-3002 a 
Quick and simple way of making a PCB within 
seconds! Though waterproof, the ink can be 
washed off with metho, turps, etc. 

© Line width fine approx. 0.6 mm 





Logic Level Converter Module 
XC-4238 

This module easily connects different logic voltage 
levels together for bi-directional communication 
on up to 4 channels, allowing you to use low- 
voltage sensors with a 5V microcontroller. 


Press ‘n’ Peel 


PCB Film 
HG-9980 WAS $35 
The easiest way to make PCBs from CAD software 
or magazine PCB layout artwork. Simply print/copy, 
iron on, peel off and etch! 

© Includes 5 sheets of 215 x 280mm film 





OLED Display Module 
XC-4270 

High resolution, full colour 128x128 
pixel OLED module perfect for your 
display needs. 

© 28.8 x 26.8mm active display area 


PCB Etching Kit 
HG-9990 WAS $27.95 = Ee 
An ideal kit for anyone needing to etch a circuit 

board - complete with an assortment of double 
sided copper boards, etchant, working bath and 
tweezers. See website for contents. 


“, REWARDS CARD OFFER 
m BUNDLE DEAL! 


$159 








$995 





4-Channel PoE 


Midspan Injector xc-4254 
Power up to four EtherMega's (XC-4256) or 
EtherTen’s (XC-4216) with DC from a low cost 
plugpack across your home or office network 
cables. It isolates and powers the correct wires 
automatically. 


ATmega328P Microcontroller 
ZZ-8726 

An Atmel AVR ATmega328P microcontroller to build 
customised Arduino compatible projects. Includes 
16Mt2z crystal oscillator. 

e Pre-installed Arduino Uno bootloader 


$3495 





LED Pack 100-Pieces Light Duty Hook-up 
ZD-1694 i “ 
This assorted pack contains 3mm and 5mm LEDs of Wire Feek 8 colours 


mixed colours. Even includes 10 x 5mm mounting 
hardware FREE! See website for full contents. 
© Red, green, yellow, orange LEDs 


Quality tinned hook-up wire on plastic spools. 8 rolls 
included, each roll a different colour. 
25m on each roll 


See terms & conditions on page 8. 








MUST HAVE TOOL KITS 


# a 30pc Electronic 


































Desktop AM-4073 


Multimedia Microphones 












Ideal for voice recognition software or simply Foldable Keyboard USB KVM & Tool Kit 
recording voice and sound. Low noise levels TD-2107 WAS $29.95 
and wide frequency response. WITH BLUETOOTH® TECHNOLOGY Transfer Cable xc-4949 NOW $24.95 SAVE $5 

if XC-5202 ORRP $49.95 NOW $39.95 SAVE $10 —Anelectronic tool kit with 
ee cee SAVE $3 ORRP $39.95 NOW $29.95 SAVE $10 Control another computer or transfer files all the essentials - cutters, 

This full 66 key keyboard folds in half from a between PC, Mac or even Android devices pliers, screwdrivers etc. Ideal 
UNI-DIRECTIONAL GOOSENECK 285mm to a modest 133mm so it’s easy to transport without the hassle of a network. Plug and for servicing the computer.“ 
MICROPHONE AM-4073 without damaging the keys. Bluetooth® wireless play, no software needed on PC or Mac. 
ORRP $69.95 NOW $39.95 SAVE $30 technology means no annoying cables at all Free App available for Android 
19pc Repair Kit 


for iPhone 
TD-2113 WAS $29.95 
NOW $19.95 SAVE $10 
All the tools you need to 
take apart your iPhone for 
DIY repair jobs.* 


PA-0926 






CW-2870 *Special only, new lower prices 
do not apply. See website for full 


contents of tool kits. 





WC-7510 


Adaptors and Cables Articulating Monitor Brackets SHEE 

USB A SOCKET TO A PLUG ADAPTOR RIGHT ANGLE UP Position your monitor to the optimum viewing angle 

PA-0926 ORRP $7.95 NOW $5.95 SAVE $2 Tilt the monitor up 90°, down 45°, pan it 180°, and WAT 
rotate around a 360° range. Both models conform to ve 

5 PIN PLUG TO 6 PIN MINI DIN SOCKET ADAPTOR the standard VESA mount 


PL-0940 ORRP $7.95 NOW $4.95 SAVE $3 
5 PIN SOCKET TO 6 PIN MINI DIN PLUG ADAPTOR 


EARN A POINT FOR EVERY DOLLAR SPENT AT ANY 


WALL MOUNT CW-2872 ORRP $99 NOW $79 SAVE $20 JAYCAR COMPANY STORE’ & BE REWARDED WATH 


PL-0941 ORRP $7.95 NOW $4.95 SAVE $3 DESK MOUNT CW-2873 ORRP $69 NOW $59.95 SAVE $9.05 A$25 REWARDS CASH CARD ONCE YOU REACH 
RS232 EXTENSION LEAD - 3M ALSO AVAILABLE FOR iMAC: 500 POINTS! ‘conditions apply. See website TMT&Cs 
WC-7510 ORRP $19.95 NOW $15.95 SAVE $4 WALL MOUNT CW-2871 ORRP $79 NOW $47.95 SAVE $31.05 

RS232 SERIAL LAPLINK CABLE - 1.8M DESK MOUNT CW-2870 ORRP $89 NOW $59.95 SAVE $29.05 REGISTER ONLINE TODAY BY VISITING: 


WC-7514 ORRP $19.95 NOW 11.95 SAVE $8 : 
www.jaycar.com.au/rewards 
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SIIRVICEMAN'S LOG 


I hate letting anything beat me 





It seems I just can’t help myself -— unable to 
resist a challenge, I often take on jobs that 
are Clearly not worth doing. I just hate letting 
anything beat me and that certainly applied 
to a no-name multi-tool I was recently given 


to fix. 


These days, having a workshop 
packed with cool tools isn’t as finan- 
cially crippling as it used to be. The 
advent of cheap, imported but still 
high-quality tools means that once- 
expensive (and often hard-to-source) 
workshop tools are now very afford- 
able. What’s more, the abundance of 
warehouse-style tool retailers up and 
down the country means that they are 
readily available to anyone who wants 
to increase the capabilities of a home 
and/or business workshop. 

It’s no longer a matter of simply 
choosing between cheap, mass-pro- 
duced rubbish and expensive Euro- 
pean, American or locally made pro- 
fessional-level tools. Now we have a 
huge variety of very reasonable DIY or 
home-handyman grade tools to choose 
from but as with everything else, this 
can be both a good and a bad thing. 
These mid-range tools are often good 
quality and with care, can sometimes 
be used in a professional or commer- 
cial capacity. In most cases though, 
they wouldn’t quite cut the level of 
“abuse” that goes with professional 
use. 

Such tools generally come with a 
“DIY” or “Home Handyman” war- 
ranty to reinforce this fact, meaning 
that a tool will be repaired or replaced 
provided it hasn’t been used to do 
work it hasn’t been designed to do. 


In the case of a hammer or similar 
tools, this doesn’t really matter but in 
other cases, it is important that tools 
are used strictly for the purpose for 
which they were designed. Exceeding 
their capabilities could result in tool 
failure and a serious case of missing 
appendages! 

One of the downsides to the pro- 
liferation of reasonably-priced tools 
is that many of them are not worth 
repairing if they fail. In fact, depend- 
ing on their quality and purpose, this 
happens far more often than with 
those high-quality jobs from Europe 
and the US. 

I still have many of the tools I was 
issued over 35 years ago when I was a 
pimply-faced apprentice, starting my 
working career at our national airline. 
Many of my tools were made either in 
Europe or America and the quality is 
obvious as soon as you pick them up. 
Those with ratchets or other moving 
parts still operate like the day they 
were made and will most likely be still 
going strong long after I am no longer 
able to use them. 

The biggest disadvantage of my 
original toolkit is that the majority 
of those tools are based on Imperial 
measurements. The reason for this is 
simple — the aircraft we were working 
on used good old inches and foot- 
pounds for their parts (airliners didn’t 
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go metric until relatively recently). 
Of course, those tools were fantastic 
when I owned British-made cars and 
motorbikes but they became all but 
useless when I started buying better- 
equipped (and better-engineered) Jap- 
anese vehicles. 

That’s why I now have two distinct 
sets of tools: my high-quality aircraft- 
engineer era tools in one set and the 
tools I’ve purchased since then in the 
other. The latter are, I have to admit, 
not quite as top-end as the others. 

This is down purely to economics. 
Where possible, I invest in the best 
tools available (much to the distress 
of my significant other) but while my 
philosophy is that buying good tools 
is never a waste of money, there is a 
limit to that approach. Some tools are 
ridiculously expensive and it makes 
no sense spending hard-earned money 
on them when there are alternatives 
available that are “just-as-good-for- 
what-I’m-doing” for a whole lot less. 

That said, I did like the culture of 
“nothing but the best” during my work 
with the airline (which set me up to 
strive for nothing but the best in the 
rest of my endeavours). Of course, 
“nothing but the best” is great when 
someone else is picking up the bill for 
all the nice tools! 

Most older readers can probably 
relate to the following scenario: many 
years ago, you bought a screwdriver 
set at a tool sale and the very first time 
you tried to use one, the tip twisted or 
was stripped when you tried to undoa 
screw. The rest of the set then ended up 
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cook OFTEN TAKE ON JOBS THAT 
ARE CLEARLY NOT WORTH DOING 


gathering dust under the workbench 
because they simply weren’t up to 
the job. These days though, quality 
tools are so much more affordable and 
available that this type of scenario now 
rarely happens. 

Even so, with tools you usually get 
what you pay for. For example, a few 
years ago, I invested in one of those 
rotary engraver type tools that usually 
come in a moulded plastic case with 
a gazillion different cutting, grinding 
and drilling attachments. Dad had a 
Dremel-branded model and I coveted 
that tool for years but to buy one back 
then was still prohibitively expensive 
until the low-cost generic models hit 
the market. 

While the Dremel tools did come 
down in price a little, you could buy 
a no-brand multi-tool for much less 
money and, by and large, it would-do 
exactly the same job as the big-name 
models. Mine even came with a flex- 
ible shaft and a very handy hanger- 
type arrangement so it became almost 
like a dentist’s drill, useful for carving, 
shaping, drilling and all sorts of jobs. 

What’s more, it got a lot of work. As 
part of my computer repair workshop, 
it did everything from drilling holes to 
chopping and channelling cases using 
the cutting discs. It was also used for 
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shaping polymer fillers with the sand- 
ing attachments. 

The tool even came with a new set 
of brushes but they are still sitting un- 
used in their little plastic bag. In fact, 
they are not likely to be used now as I 
eventually inherited Dad’s Dremel and 
that now graces my workbench. The 
only real difference — and I suppose 
this is where the money comes into it 
—is the quality of the speed controller. 
The controller on the Dremel is much 
smoother and easier to adjust than on 
my no-name model. 

Of course, I could use one of the 
excellent SILICON CHIP designed speed 
controllers on the old no-name model. 
However, it now sits unused and will 
remain that way while the Dremel is 
still going strong. And that’s after many 
years of use. 


Multi-tool sob-story 

So what’s all this leading up to? 
Well, a good friend of mine turned 
up the other day with a very familiar- 
looking plastic case and a sob-story 
to go with it. It turns out that he had 
seen my original multi-tool in my 
workshop a few years back and had 
decided then and there that he should 
also have one. He builds houses for a 
living so I’m not entirely sure what 





he wanted it for but nonetheless, he 
went out and purchased one exactly 
the same and here it was, a couple of 
years later, sitting on my workbench. 

I opened the case and it still spar- 
kled with that brand-new look that 
tools have when they’ve never been 
used. My friend said that after original- 
ly buying it, he took it home, plugged 
it in and tested it before putting it back 
in its case, ready for use when the time 
came. When that day arrived, he took 
it out of the case, plugged itinand... 
nothing; it didn’t work. 

At the time, he did all the usual 
checks. He checked the brushes, tried 
another wall socket and did whatever 
else he could think of before decid- 
ing it was dead. Unfortunately, by 
then, he’d lost the receipt and since 
it had been quite a few months since 
he’d purchased it and because he’d 
bought it on sale from one of those 
big hardware chain stores, he figured 
it unlikely they’d consider taking it 
back without proof of purchase. 

He told me that the price was pretty 
low anyway and it wasn’t worth the 
grief of going through the motions to 
return it. In the end, he simply put it 
back in its case and stashed it away, 
forgetting all about it until he was 
recently having one of those “once- 
in-five-years” spring clean-outs. That’s 
when he rediscovered it and so he 
brought it around to my workshop, 
thinking that I might be able to do 
something with it. 

He didn’t want to waste my time 
and any more of his money on it so 
he said that if I could get it going, I 
could have it. He’d long since resigned 
himself to the fact that it was dead and 
if I couldn’t get the handset/motor 
going, then at least I could use all the 
cutters, drills and grinding wheels that 
came with it. 

Never one to look a gift horse in 
the mouth, I accepted his challenge 
knowing full-well it would be unlikely 
I'd get this thing going. Most of these 
units have potted electronics and it 
was likely I’d open it up, take one look 
and throw it in the bin (after scroung- 
ing any reusable bits and pieces). As 
it turned out, I was to be pleasantly 
surprised. 

Opening it up was simple as it didn’t 
use any of those horrible “security” 
fasteners (the ones with a weird- 
shaped hole and sometimes a raised 
dot in the middle that requires a spe- 
cially-formed, hollow screwdriver tip 
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to undo). Instead, six ordinary PK-style 
screws held the two plastic halves of 
the case together and while they were 
very tight, I soon had them out. 

The fit of the parts was actually 
very good compared to some tools I’ve 
pulled apart in the past. The top half 
of the case came away easily, leaving 
the internals sitting in the bottom half. 
The armature was mounted on two 
sealed bearings — one at the front near 
the chuck and one at the rear support- 
ing the very end of the armature. The 
brush holders sat at the three and nine 
o’clock positions and were part of the 
bottom half of the case. 

Next, I undid the two plastic grub- 
type screws and removed the brushes 
before going any further. By lifting 
everything up a few centimetres, I 
could slide the armature out towards 
the front and it came out easily with 
the bearings attached. This left the 
fields, speed controller board and wir- 
ing, along with the mains cord which 
was terminated in a couple of screw- 
terminals on the controller board after 
passing through a strain-relief clamp 
at the very end of the case. That clamp 
was held in place with two short PK 
screws, as was the speed controller 
board, and after removing them the 
whole caboodle could be removed 
from the case. 

With the plastic parts placed aside, 
I set about inspecting the electrics 
and other components. Surprisingly, 
the controller board was made up of 
discrete components that even had 
the values clearly marked on them, an 
unusual find when the manufacturers 
of many similar units do everything 
possible to obfuscate the parts used 
and the way they’re wired in. That’s 
usually done by sanding the surfaces 
of any ICs in the board to obliterate 
type numbers and by using potting 


materials to coat and cover the entire 
circuit board. 

However, regardless of the fact 
that nothing had been obscured, I 
hoped that I didn’t have to dig too far 
into the electronics side of the thing. 
Mains power and fiddling about with 
unfamiliar circuits don’t go hand in 
hand, particularly as this whole circuit 
operated at mains potential! 


Nothing obvious 

There was nothing obvious on the 
board to explain why the unit had 
suddenly stopped working; no burnt 
patches, no melted wires and no ac- 
rid smells to indicate anything had 
become too hot or had let the magic 
smoke out. I could always just replace 
components until it started working 
again but my instincts told me that 
the board was OK so I'd have to look 
further afield (no pun intended!). 

The wound stator fields had been 
tied with waxed string and dipped in 
varnish, making them one solid lump 
of wound copper wire and metal lami- 
nates. I checked where the controller 
wires and brush holder leads joined 
onto the fields (a common location for 
faults) and the connections seemed to 
be OK. 

I then decided to check for continu- 
ity across the fields and brush con- 
nectors with my multimeter, so I it set 
to a low ohms range, and applied the 
meter’s probes to the relevant connec- 
tions. I got a satisfying beep between 
one brush connector and one output 
lead of the speed controller board and 
an indication of few ohms. However, I 
wasn’t particularly interested in figures 
at this stage because I didn’t know what 
it was supposed to measure anyway; 
the fact that I got some measurement 
at all was enough. 

Conversely, I got nothing on the 
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other side, which explained why the 
motor didn’t work. I triple-checked 
that I was measuring the right connec- 
tions but that’s where the fault lay. It 
was in the fields somewhere and at that 
point I felt even less confident I’d have 
a fix up my sleeve. I turned everything 
off and went inside — I’d had enough 
for the night. 

The next afternoon, I went back to 
it for a closer look. Before I got under 
way, | mounted and wired in my “new” 
10W LED work light, a project I’d built 
up some time ago from a SILICON CHIP 
article and had been meaning to rig 
up for ages. This lamp throws out an 
enormous amount of light and amply 
covers my work area. This job would 
be an ideal acid test for it to see if I 
could visually discover why this coil 
didn’t have continuity from one end 
to the other. 

Under the light and with my magni- 
fying headset on, I carefully inspected 
the whole assembly and a slight flaw 
in the coils at the top inside edge of 
the stator soon caught my attention. 
It looked as if something had hit the 
coils with a sharp edge (or it had been 
dropped onto something) and this had 
left a definite dent and barely-visible 
line across a few of the windings. 

The varnish was holding it all to- 
gether so I soaked the area with a few 
drops of “turps” and got stuck in with 
my dentist’s pick, carefully cleaning 
the area of varnish which had softened 
and could now be easily scraped off. It 
was a painstaking job but suddenly a 
wire popped free, indicating the loca- 
tion of the break. 

With one meter probe clipped to the 
brush holder, I touched the end of the 
broken wire with the other probe and 
gota satisfying “beep”. A bit more turps 
and digging then revealed the other end 
of the wire and again with great care I 
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coaxed it free of the coil. I was then able 
to measure continuity between this 
wire and the speed controller board so 
all I had to do was join the two wires 
and I was away. 

To keep things tidy, I brought the 
ends of the wires out to the upper edge 
of the fields and used a similarly-sized 
piece of wire to make up the result- 
ing gap. Once soldered, I put a piece 
of insulation tape under the join and 
moulded the joined wire into the shape 
of the fields before coating it all in two 
coats of nail varnish. 

I could then measure continuity 
from both brush holders to both ends 
of the speed controller board and 
after reassembling the tool, it worked 
perfectly. Since I didn’t need another 
one, I returned it to my friend who was 
impressed and surprised I'd gone to so 
much trouble. 

I told him what any servicemen 
would say: “I don’t like letting any- 
thing beat me”! 


PA amplifier repair 


R. W. of Christchurch, NZ recently 
parted with coin of the realm for an 
old PA amplifier. It came complete 
with several faults which he managed 
to track down... 

This is a short tale about a PA ampli- 
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fier | bought for $30 at the Christchurch 
City Council recycling shed. It was an 
Inkel 2500D rated at 120W and fea- 
tured a 100V line output, two balanced 
mic inputs, one unbalanced mic input 
and two auxiliary inputs. 

When I got it home, all the inputs 
worked fine so I tested it into a dummy 
load at 100V. The power transformer 
buzzed like crazy so clearly it had a 
serious fault somewhere. 

I soon found that the power trans- 
former had a cooked secondary. I 
removed it, dismantled the core and 
made a new (non-standard) bobbin. 
A friend then rewound the primary 
and secondary windings after which I 
reassembled the transformer for a test 
but found only 20V on the secondary 
instead of the 29V required. Asa result, 
I dismantled it again and returned bob- 
bin to my friend who said he had mis- 
takenly put 44 turns on instead of 64. 

He added the extra 20 turns and 
I again reassembled and tested the 
transformer. This time, there was only 
10V on the secondary so back to my 
friend it went who confirmed that the 
primary winding was OK at 2.22 turns 
per volt. However, he had added the 
extra winding turns in anti-phase (ie, 
buck, not boost), which was the same 
conclusion I had come to! 

He rewound the added turns yet 
again and this time the result was 
29V — success at last! 

I then reinstalled the clamps and 
the copper shield, etc, only to find a 
leftover core “I” piece on the work- 

shop floor. That meant that I had to 
dismantle the clamps again and 

install the “I” piece properly. This 
was becoming tedious! 

Next, I tried to refit the 
rectangular hollow steel 
shield around the transformer 

only to find that this 
has to be done before 
the clamps are fitted. 
And so I removed the 
clamps again, fitted the 
shield, then fitted the 
clamps yet again and 
reinstalled the trans- 
former in amplifier. 
The transformer 
voltage was correct 
and the amplifier’s 
output measured 





OK but the sound was absolutely hor- 
rible during a low-level music test. 

I applied an 800Hz test tone and 
observed massive crossover distortion 
on the scope. I then discovered that the 
first transistors in the power amplifier 
chain had 1.55V of forward bias on 
them. This came from a regulated 17V 
supply via an 8.2kQ dropper resistor 
and a 1kQ shunt resistor to ground, 
plus a 100uF electrolytic capacitor 
across the shunt. 

I soon discovered that this 100uF 
electro was leaky but there was more — 
someone unknown had tacked an extra 
15kQ resistor across the 1kQ resistor. 
The capacitor was replaced and the 
extra resistor removed, after which 
the bias voltage increased to 1.6V. And 
that eliminated the crossover distor- 
tion — it was no longer audible and 
what’s more, it was no longer visible 
on the scope. 

Here’s hoping it stays that way! 


DSE Q1418 multimeter repair 


Regular contributor B. P. of Dun- 
dathu, Qld likes snapping up bargains 
on eBay but not all secondhand gear 
works properly. Here’s how he recently 
saved an old DSE multimeter from 
landfill... 

In amongst a bundled lot I recently 
bought on eBay was a DSE Q1418 
multimeter. This unit arrived without 
the battery (due to postage regulations) 
and I noticed that one of the screws 
holding the back cover on was missing. 

These DMMs are quite handy as 
general-purpose meters. | already have 
a couple of Digitor Q1467 multimeters 
and this DSE multimeter appears to 
have been made by the same manu- 
facturer as they are virtually identical. 

After fitting a replacement battery, 
I turned the unit on but nothing hap- 
pened. I was sure that the battery was 
good but I used one of my other mul- 
timeters to check it, just to make sure. 
Sure enough, it tested good at 9.5V so 
there was obviously a fault in the unit 
somewhere. 

With the unit switched on, my first 
step was to check the supply voltage 
where the battery leads connected to 
the PCB. Strangely, the voltage here 
was well under 7V but it still gave a 
reading of 9.5V at the battery terminals. 
That meant that the fault had to be 
somewhere between the battery and 
the PCB. 

When I was replacing the battery, 
I'd noticed some slight corrosion on 
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Reorganising A howard Organ 


Here’s something completely dif- 
ferent: a Howard Skyline 100 elec- 
tronic organ. B. B of Little Mountain, 
Qld recently took on the repair... 

The Howard Skyline 100 elec- 
tronic organ is quite a nice unit witha 
dual manual keyboard and foot ped- 
als. This one was completely dead 
but I felt that it shouldn’t be all that 
difficult to get it going again, despite 
the fact that there is nothing about 
this unit on the internet. 

Removing some clips allowed 
the back panel to be removed, after 
which acollection of PCB assemblies 
was observed. Removing two screws 
then allowed the filter switch panel 
to be hinged out of the way, while re- 
moving two more screws made eve- 
rything else accessible. This looked 
like an American product from the 
early 1970s and it was designed to 
be repaired! 

The main reason the organ pro- 
duced no sound was that a diode had 
died in the power supply and had 
taken out the fuse. That was easily 
fixed. Now there was sound but a few 
notes sounded decidedly sick. This 
fault was traced to a tone generator IC 
which was apparently very popular 
in the early 1970s. The keyboards 
worked but the rhythm section was 
also faulty and did not work. 

One board had a number of CMOS 
logic gates, some of which oscillated 
at around 14MHz. If this was the 
rhythm section, it would be difficult 
to hear any sound as the drum fre- 
quencies would be 1000 times higher 
than our hearing range! Another IC 
generated sawtooth waves at around 
40kHz. 

After prodding around for some 
time, I eventually concluded that 
the 40kHz IC had something to do 
with the rhythm section, as one of 
its pins was connected to the rhythm 


the battery snap terminals but hadn’t 
thought it significant at the time. Nev- 
ertheless, it was a clue. I cut the battery 
cables near the PCB, bared the ends and 
temporarily connected a spare battery 
snap to the cut wires. I then switched 
the unit on again and presto... it now 
worked. 

Further investigation revealed that 
the original negative battery lead had 
suffered corrosion under the insula- 


siliconchip.com.au 


speed control pot. This control pot 
had a very high resistance and it was 
difficult to determine just where the 
wiring at the other end ran to. 

The part number identification on 
the rhythm IC was unreadable but 
then came an internet breakthrough. 
One of my many searches eventually 
turned up arhythm generator circuit 
for organs. The speed control pot was 
between the 40kHz pin and earth and 
was designed to control the oscilla- 
tion frequency. 

The speed control pot was a 1960s 
slide potentiometer and getting one 
of these would be difficult. But this 
wasn’t the time or place to give up 
so I dismantled the pot and took a 
look at its internal parts. This re- 
vealed that the sliding contact blade 
had been dislodged and had been 
crushed into the lower corner. 

After bending the contact blade 
back into a reasonable shape, I glued 
it to the slider knob, lubricated the 
tracks and had a perfectly working 
pot. I then re-assembled the rhythm 
panel and switched the unit on but 
there was still no sound, just a blink- 
ing LED (very modern in those days). 
Obviously though, the rhythm gen- 
erator was now working as I could 
vary the blinking rate of the LED. 

At that stage, I traced out the 
schematic diagram of one wildly 
oscillating gate. It was very strange, 
with two resistors in series between 
the gate’s input and output. That 
would explain the oscillation, as the 
gate was forced to operate as a linear 
amplifier. But why? 

I then discovered two capacitors 
in series between the same input 
and output. A resistor then ran from 
the junction between these two ca- 
pacitors to the rhythm chip, while a 
capacitor ran to earth from the junc- 
tion between the resistors. Finally, 


tion, immediately adjacent to the bat- 
tery snap terminals. As a result, it had 
effectively turned into a resistor which 
is why only 7V was being applied to 
the PCB. 

Having established the cure, I sol- 
dered the new battery snap to the PCB 
and checked the unit out by compar- 
ing its readings to those on my other 
DMMs. It all worked as expected, so 
I now have an additional multimeter 


there was also a trimpot from input 
to output. 

It’s worth noting that the PCB was 
single-sided and that these compo- 
nents were spread out over an area of 
about 70 x 80mm. So it was a bit ofa 
challenge to trace the circuit out and 
draw an accurate circuit diagram. 

After redrawing the circuit a 
number of times, I noticed that the 
resistor values were all the same, 
as were the capacitor values. This 
looked very much like a double-T 
filter and based on the RC values 
used, would produce a note around 
1kHz (like a snare drum?). But surely, 
a logic gate is a digital element and 
not a transistor? 

The late 60s was an era of great 
innovation and using logic gates as 
amplifiers was just the “in-thing”. 
Indeed, the logic gate and its accom- 
panying RC circuit was supposed 
to operate as a damped double-T 
filter, with the damping level (decay) 
controlled by the trimpot. That is an 
inventive use of logic gates! 

The problem is, this is a dicey 
design that’s rather prone to wild 
RF oscillations. To get around this, 
the designer selected CMOS chips 
with low input to output gain and 
high output impedance. I replaced 
the CMOS ICs with older types and 
suddenly there was sound. 

The newer CMOS gates are not 
going to work here and that explains 
why these chips were in IC sockets — 
so that they could be easily changed. 
Indeed, this might be the very last 
organ in existence just because of this 
design problem. And that’s a pity be- 
cause the keyboards are of very high 
quality and still work well, even after 
50 years of standing around. 

The bass pedals also work ex- 
tremely well and the speaker is about 
350mm in diameter and will shake 
the floor at full power. Now, ifI could 
only play the thing! 


in my arsenal for general purpose use. 

Talso found an identical screw to the 
missing one and I replaced that while 
I was reassembling it. 

This was an easy fix that saved a 
good unit from being binned — all for 
the sake of a 20-cent replacement bat- 
tery snap. Simple fixes like this are 
always rewarding because, with very 
little effort, a useful piece of test gear 
is saved from going into landfill. S€ 
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By NICHOLAS VINEN 


Are you concerned about the quality of your 50Hz 230VAC supply? 
Would you like to measure the harmonic distortion of your loud- | 
speaker system? This unit will measure the distortion of a 50Hz or 
60Hz mains waveform (via a low-voltage isolating transformer) or 
the distortion of any 3-20VAC sinewave signal in the range of 20Hz- 
10kHz, eg, the output of a midrange or bass loudspeaker. 


E TEND TO think of the 50Hz 
AC mains supply as a 230V RMS 
sinewave but if you have a look at it on 
an oscilloscope (see Fig.1), it is often 
quite distorted. A large proportion 
of mains loads are not resistive but 
reactive and since they draw current 
out-of-phase or in a non-sinusoidal 
manner, they generate a voltage across 
the finite impedance of the mains sup- 
ply network and distort the signal. 
Typical “waveform distorters” are 
fluorescent and gas discharge lights 
and devices with transformer/recti- 
fier-based linear power supplies or 
non-PFC (Power Factor Correction) 
switchmode power supplies. These all 
tend to draw current only at the volt- 
age peaks, leading to the pronounced 


58 SILICON CHIP 


“flat-topping” you can see in Fig.1. 
Does this matter? Well, most equip- 
ment will not be affected by even quite 
severe levels of mains distortion but 
some sensitive devices could be upset. 
As an extreme example, there are plen- 
ty of devices which will not operate 
correctly from square-wave inverters 
and some devices won’t operate from 
modified sinewave inverters either. 
Having said that, the distortion 
levels of such inverters are well above 
the maximum allowable figure for 
the mains supply which is normally 
quoted as 5%. In our experience, a 
typical harmonic distortion figure is 
around 3% but it varies quite a bit 
depending on location. Interestingly, 
different power points in our office 


gave quite different readings, from 2.4- 
3.2%, suggesting that they are wired 
to different mains phases. 

And yes, this analyser can be used 
to (indirectly) check the distortion 
of portable 230VAC generators and 
inverters. It’s safe to use because a 
small 3-20VAC plugpack is used as an 
isolation transformer (ie, the plugpack 
is plugged into the generator or the 
mains and the plugpack’s low-voltage 
AC output is fed into the signal input 
of the analyser). 

So how would you know whether 
your mains supply is badly distorted? 
Well, this simple device will tell you. 
It can measure harmonic distortion 
from below 0.1% to around 33% with 
a bandwidth of a few kilohertz and 
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it’s very simple to build and operate. 

Some devices which may be sensi- 
tive to mains distortion include certain 
types of (mainly older) test equipment 
and medical devices. Devices with 
motors will still run with highly dis- 
torted mains but some may get hotter 
than normal. Severe harmonics, such 
as those present when mains tone 
control signals are being broadcast, 
can also cause transformers, motors 
and fluorescent light ballasts to hum 
or buzz audibly. 

Some hifi enthusiasts also believe 
that AC mains waveform distortion 
and noise can also affect the sound 
quality of amplifiers and other equip- 
ment. In our experience, while control 
tones and some mains-borne interfer- 
ence may become audible, that tends 
to be more likely in valve amplifiers. 
Otherwise, typical distortion of the 
50Hz (or 60Hz) mains waveform is 
not likely to have any effect on audio 
performance. 

However, there is one exception. If 
the mains waveform is severely “flat 
topped” that means that its peak-to- 
peak value will be significantly re- 
duced with respect to an undistorted 
sinewave. That in turn means that 
the resulting supply voltages in the 
amplifier can be less than they should 
be and that can definitely affect per- 
formance, particularly if the amplifier 
being driven hard. 

For more information see this link: 
http://www.mantenimientomundial. 
com/sites/nm/notas/Harmonics.pdf 

If you want to measure loudspeaker 
distortion you will need a microphone 
and preamplifier. The easy solution 
is to use the PreChamp featured in 
our article on “How To Do Your Own 
Loudspeaker Measurements” in the 
December 2011 issue. 


How it works 


Traditional audio analysers use a 
tunable notch filter. The filter removes 
the fundamental frequency (eg, 50Hz 
or 60Hz for a mains supply) and the 
remaining harmonics and noise are 
measured and related to the input 
voltage to obtain a percentage reading. 

This project idea was initially 
suggested to us as a series of passive 
notch filters driven by a low-voltage 
transformer. The notches would be 
tuned to the local mains frequency (ie, 
50Hz), thus removing the fundamen- 
tal. The residual signal (ie, distortion 
components) could then be measured 
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Fig.1: a typical mains waveform, as measured at our office (yellow, top) with its 
distortion residual (green, bottom). Not only are the peaks badly flattened but 
there are visible bumps along the rising and falling edges too, especially around 
the zero crossing points. It isn’t obvious from the residual but the distortion is 
almost all odd-order harmonics (ie, 3rd, 5th, etc) due to the flat-topping. This is 
very similar to the distortion in an audio amplifier when the output is clipping. 
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Fig.2: at top is the same distorted mains waveform as in Fig.1 with a low-pass 
filter applied to remove noise; below is the spectrum calculated by the scope 
from this data using a Fast Fourier Transform. It is configured to use the same 
Flat Top window as the microcontroller in this project. You can see that the 
third, fifth, seventh and ninth harmonics are dominant at around -39dB with a 
second harmonic at about -48dB. The number of harmonics shown is about the 
same as the micro uses to calculate total distortion. 
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Rarts)List 


1 double-sided PCB, coded 
04104151, 104 x 60.5mm 

1 UBS jiffy box (optional) 

1 5kQ mini horizontal trimpot 
(VR1) 

1 28-pin DIL IC socket (for IC1) 

1 9V battery snap 

1 9V battery 

1 piece non-conductive foam, 
approximately 65 x 40 x 8mm 

1 PCB-mount DC socket 
(optional) (CON1) 

1 2-way terminal block, 5.08mm 
spacing (CON2) 

1 5-pin right-angle header (CON3) 
(for programming IC 1) 

1 2-pole 6-position rotary switch 
(S1) 

1 knob to suit S1 

2 PCB stakes 

2 chassis-mount binding posts 
(optional, for use with case) 


Semiconductors 

1 PIC32MX170F256B-I/SP 
programmed with 0410415A. 
HEX (IC 1) 

1 78L05 100mA regulator 
(REG1) 

2 MCP1700-3.3/TO 3.3V low- 
dropout regulator (REG2) 

1 yellow or orange 3mm LED 
(LED1) 

1 red 3mm LED (LED2) 

1 1N4004 1A diode (D1) 

1 1N5819 1A Schottky diode 
(D2) 


Capacitors 

1 220uF 25V electrolytic 

3 100uF 16V electrolytic 

1 10nF+ 6V tantalum or SMD 
ceramic 

1 1pF multi-layer ceramic 

3 100nF multi-layer ceramic 


Resistors (0.25W, 1%) 

3 100kQ 2 4702 
1 33kQ 1 220 

3 10kQ 1100 

1 1kQ 





with a DMM and divided by the raw 
transformer output voltage in order 
to calculate the THD+N figure as a 
percentage. 

We investigated this concept but 
concluded that passive filters are too 
fiddly to tune and too lossy for this 
purpose. Tuning is a tricky issue be- 
cause such filters inevitably involve 
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capacitors which are not normally 
sold in tolerances better than 5%. So 
each notch stage would need at least 
one trimpot and they would all need 
to be tuned very close to 50Hz to get 
a deep enough notch for sufficient 
fundamental rejection. 

However, the real show-stopper 
for the passive filter idea is its inher- 
ent signal loss and its lack of notch 
depth; you need a really steep notch 
to remove the fundamental but have 
no effect on the harmonics. A simula- 
tion of the required filter with ideal 
components showed that the first few 
harmonics (ie, 100Hz, 150Hz, 200Hz 
etc) were severely attenuated by the 
shoulders of the notch, making the 
resulting reading likely to severely 
underestimate the actual level of 
distortion. 

The third harmonic at 150Hz is nor- 
mally the largest component of mains 
distortion and a twin-T passive notch 
filter tuned for 50Hz is still 10dB down 
at this frequency. If multiple such 
filters were used (and it seems likely 
this would be required), the attenua- 
tion would be 20dB or more and this 
is clearly unacceptable. 

We did consider using active notch 
filter(s) but to get the required notch 
depth with sufficiently little attenua- 
tion for the second harmonic at 100Hz 
would require a complex circuit. The 
alternative is to use digital signal pro- 
cessing with a microcontroller. 


DSP software to the rescue 


The DSP concept is relatively sim- 
ple, even if the software is not. The 
output of a 9VAC or 12VAC plugpack 
is attenuated to give a signal of about 
3.3V peak-to-peak. This is fed to the 
analog-to-digital converter (ADC) 
input of a 32-bit microcontroller. The 
micro digitises the signal, does some 
filtering to make up for its relatively 
low-performance internal ADC, then 
does a spectral analysis and deter- 
mines the THD from the result. 

The output from the microcontroller 
is a pulse width modulated (PWM) 
signal which is filtered to obtain a DC 
voltage that can be read with a mul- 
timeter or panel meter. So the circuit 
is really quite simple even though the 
software is anything but. 

In fact, we use a Fast Fourier Trans- 
form (FFT) to produce a spectrum 
analysis of the input signal. This tells 
us the amplitudes of fundamental 
frequency and all the harmonics up to 





the 20th. The tallest peak will be the 
50Hz fundamental and the micro can 
easily search for the highest peak, so 
frequency accuracy is not important. 
The distortion components (ie, the 
harmonics) will be at equally spaced 
frequencies above this peak. These 
calculations are performed in the fre- 
quency domain. 

As hinted at earlier, the formula for 
computing THD (in the time domain) 
is to divide the RMS average of the 
residual signal (ie, signal minus 50Hz 
fundamental sinewave) by the RMS 
average of the fundamental sinewave 
itself, then take the square root of the 
result. It isn’t hard to do this in the fre- 
quency domain, as the spectral peaks 
correspond to the RMS voltages of 
each individual sinewave component. 

In theory, the answer is the same 
although the time-domain method 
inevitably includes any noise within 
the measurement bandwidth of the 
instrument while the spectral version 
gives the possibility of ignoring noise 
and only considering the harmonics 
themselves, thus giving a THD (only) 
measurement rather than THD+N. 

In this case, it’s necessary because 
the micro’s 10-bit ADC has a lot of 
aliasing noise and this would cause a 
THD+N reading to be much too high. 
Also, if mains noise is going to cause 
any problems, it’s most likely to be 
due to RF emissions. This would not 
normally contribute much to a THD+N 
reading, partly because the absolute 
power is low and partly due to the 
typically limited bandwidth of the 
measurement. 


Other uses 


The aforementioned distortion 
measurement method is sufficiently 
generic that it could be used for other 
purposes. Because the unit searches 
for the fundamental, the THD of any 
signal in the range of 20Hz-10kHz can 
be measured. However given that the 
output starts to become less accurate at 
lower readings (<0.1%) and the lowest 
reading you're likely to get is around 
0.03%, it isn’t suitable for measuring 
hifi audio amplifiers. 

Having said that, it certainly should 
be suitable for measuring the kind of 
distortion that’s typical for... ahem. 
..a valve amplifier. The lowest read- 
ings the device can give are more or 
less in line with the best performance 
expected from a valve amplifier. And 
with solid-state amplifiers, it’s good 
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D1 1N4004 


CON1 220 
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SENSITIVITY 5}, 







IC1 


LOW FREQUENCY DISTORTION ANALYSER 


Fig.2: the distortion analyser circuit. There isn’t much to it since most of the work is done in IC1’s software. The signal 
is attenuated by VR1 and then biased to half-supply (1.65V) before being applied to analog input RAO. A PWM signal 
from pin 24 (RB13) passes through a low-pass RC filter with the reading available between TP1 and TP2. Power comes 
from a 9V battery or DC plugpack while rotary switch S1 provides both on/off switching and mode selection. 


enough to at least check that an am- 
plifier is operating correctly and so it 
might be useful for servicing work. 

In order to provide relatively ac- 
curate readings at higher frequencies, 
the unit automatically increases its 
sampling rate (by reducing the amount 
of averaging done) when it detects 
that the fundamental is at a higher 
frequency. 


Circuit description 


The full circuit is shown in Fig.2. 
It would normally be powered from a 
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9V battery via Schottky reverse polar- 
ity protection diode D2 but it could 
be powered from a DC plugpack via 
diode D1. It cannot be powered from 
the same 9-12VAC plugpack which 
is used to couple the 50Hz mains AC 
signal into the analyser. 

If a plugpack is used to power the 
Low Frequency Analyser, the 9V bat- 
tery is disconnected by the socket 
switch, CON1. D1 provides separate 
reverse-polarity protection for the 
plugpack. The DC supply is connected 
to the circuit via one pole of 6-position 


REG2 
MCP1700:3.3/TO 


OUTPUT 
VOLTAGE 
100mV/% 


LEDS 


K 
A 
78105 


° IN OUT 


MCP1700 











2-pole rotary switch S1. 

Two 3-terminal regulators are con- 
nected in series to provide a 3.3V sup- 
ply for the microcontroller. The first is 
REG1, 78L05 5V regulator which acts 
as a pre-regulator for 3.3V regulator 
REG2 which can only handle a maxi- 
mum input voltage of 6V. 

In practice, this two-regulator com- 
bination provides a regulated 3.3V rail 
(important for accuracy of the output 
voltage) for input voltages down to 
about 5V, which would mean the 9V 
battery was well and truly flat. 
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(GREY OUTUNES REPRESENT 
COMPONENTS NOT USED 
IN THIS PROJECT) 





Fig.3: follow this PCB overlay diagram and the photo at right to build the Distortion Analyser. Note that many of the 
components are left off as this PCB was designed to be used for multiple purposes. It snaps into the side rails on a UB3 
jiffy box or can be housed in a larger enclosure if a panel meter is to be fitted, to display THD readings. 


So that you know if the battery has 
gone flat, a 100kQ/33kQ resistive di- 
vider allows PIC32MX17F256B micro- 
controller IC1 to monitor the battery 
voltage at its AN1 analog input (pin 
3). The 3.3V rail is used as a reference 
and if the battery voltage drops below 
about 5.6V, LED1 is illuminated. 

The input signal is fed in via CON2 
and has a 15kQ fixed resistive load. 
This minimal loading means that a 
9VAC or 12VAC transformer’s output 
closely tracks the mains waveform, ie, 
the transformer itself causes minimal 
extra distortion. The signal is then 
coupled via a 1F capacitor and DC- 
biased to 1.65V (half the 3.3V supply) 
by a pair of 100kQ resistors. The signal 
then goes to analog input ANO (pin 2) 
of IC1 via a 470Q protection resistor. 

The chip uses its internal RC (re- 
sistor/capacitor) oscillator and PLL 
(phase locked loop) to run at 24MHz, 


so that its FFT calculations on the 
sampled data at ANO complete fairly 
quickly. The ADC requires 13 clocks 
per sample (1 for sampling, 12 for 
conversion) and is run at 14 the main 
clock rate, giving a sampling rate of 
24MHz + 13 + 4 = 460kHz. 

Between 1 and 16 samples are aver- 
aged, giving an effective sampling rate 
of between 28.75kHz and 460kHz. For 
a 50Hz signal (eg, mains) at 28.75kHz 
and a window size of 8192 samples, 
this means 8192 / 28750 = 285ms 
worth of data or just over 14 full cycles 
is processed at a time. 

Having done the THD calculation, 
the micro then uses one of its internal 
PWM peripherals to generate a signal 
at output RB13 (pin 24). The associ- 
ated timer period is set to 3300 so that 
for each increment in the PWM duty 
cycle value, the average output voltage 
increases by 1mV. This assumes an ac- 


Featurestetsnecitications) 


Input signal voltage: 3-20V RMS 
Input signal frequency: 20Hz- 1 OkHz 
THD measurement range: 0.03-33% 


THD measurement accuracy: typical error less than 0.1% (absolute) 


Modes: total distortion %, second harmonic %, third harmonic %, even harmonic % 
and odd harmonic % 


Power supply: 9V battery or 6-15V DC plugpack 
Operating current drain: ~1 5mA 
Low battery indicator: LED, ~5.5V threshold 
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curate 3.3V rail; the MCP1700 has an 
output voltage tolerance of +0.4% at 
25°C so it should be well within +1% 
at normal room temperatures. 

This PWM signal passes through a 
10kQ/100uF RC low-pass filter with a 
time constant of around one second. 
This gives a DC voltage to make the 
meter’s job easier and also to smooth 
out any jitter in the measurement due 
to noise and so on. It can then be meas- 
ured between TP1 and TP2. 

Each time the output voltage is 
updated, LED1 is flashed briefly. This 
indicates that the unit is operating. 
As mentioned earlier, IC1 monitors 
the battery level via its AN1 input 
and should the battery voltage drop 
to a low level (before output accuracy 
suffers), the state of LED1 is inverted. 
That is, LED1 is switched on all the 
time, except briefly when the output 
voltage is updated when it flickers off. 

Thus, if LED1 is on most of the 
time, the battery is flat and should be 
changed. 

LED2 is used to indicate ADC 
overload on input ANO. For optimum 
performance, VR1 is adjusted to just 
below the level where LED2 lights. 
Having said that, the exact setting is 
not critical as long as LED2 remains 
off during operation; if VR1 is set a 
little low, it doesn’t appear to affect 
the readings much. 

Rotary switch S1a connects either 
pin 6 or one of pins 9-11 of IC1 to 
ground. With S1 in position 1, power 
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is disconnected so the unit is off. [C1 
can determine which of the other five 
positions the switch is in by enabling 
its weak internal pull-up current 
sources on these pins. If S1 is in posi- 
tion 2, none of these pins (6 or 9-11) 
is pulled low whereas positions 3-6 
each pull a different pin low. 

IC1 checks the state of S1 immedi- 
ately after it updates its output and 
performs a slightly different measure- 
ment at the next update, depending on 
its state. In position 2, the normal THD 
calculation is made. In position 3, only 
the THD contribution from the second 
harmonic is read out. Similarly, posi- 
tion 4 reads the third harmonic only, 
position 5 gives the THD contribution 
of all even harmonics (2nd, 4th, 6th, 
etc) and position 6 reads only odd 
harmonics. 

CON3, the ICSP header, is used to 
program IC1 and is not required if 
you are using a pre-programmed chip. 
The only remaining components in 


Value 
3 100k 
1 33kQ 
3 10kQ 
1 1kQ 

2 470Q 
1 220 

1 102 
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Tablejt: Resistor Colour/Codes 


the circuit are the two supply bypass 
capacitors for IC1’s Vpp and Aypp 
rails, a 10Q resistor to help filter its 
analog supply and a 10uF capacitor 
at pin 20 (Vcap) which is used by its 
internal core regulator. This 10uF ca- 
pacitor must be a low-ESR type (below 
1Q) which means either tantalum or 
ceramic. 


Construction 


Building this unit is straightforward 
with most of the parts mounted on a 
PCB coded 04104151. Note that there 
are a number of blank component lo- 
cations, as this PCB was designed for 
other uses as well; 

Fig.3 shows the parts layout on the 
PCB. Start by checking the resistor 
values with a DMM and fit them where 
shown. Follow with diodes D1 and D2; 
these are different types and are both 
orientated with their cathode stripes 
facing the bottom edge of the PCB. 

Next, fit the IC socket with its 
notched end towards the top of the 
board. Check that it’s sitting flat after 
soldering two diagonally opposite 
pins, then make the rest of the joints. 
Follow with the ceramic capacitors, 
trimpot VR1 and then the two regula- 
tors. Don’t get the latter mixed up and 
note that you will probably need to 
crank their leads out with small pliers 
before mounting them so that they fit 
the pads. 

If fitting the DC socket, do so now. 
Similarly, you can install pin header 
CON3 but note that it isn’t required 
if you have a pre-programmed chip. 

Now fit the two PCB stakes at lower 
right, followed by the tantalum and 
electrolytic capacitors. These capaci- 
tors are all polarised, with the longer 
(positive) leads all going towards the 
top of the board. If fitting CON3, lay the 
adjacent 100uF electrolytic capacitor 
over, otherwise you will have trouble 
plugging the PICkit programmer in. 

CON2 can now go in, making sure 





4-Band Code (1%) 

brown black yellow brown 
orange orange orange brown 
brown black orange brown 
brown black red brown 
yellow violet brown brown 
red red black brown 

brown black black brown 





its wire entry holes go towards the 
nearest edge of the board. That done, 
trim about 10mm from the end of 
switch S1’s shaft, leaving it 30mm long 
as measured from the top of switch 
body. File off any burrs and check 
that the knob still fits, then mount $1 
on the PCB. 

Be careful with S1’s orientation as 
there are two possible ways it can go 
in. The plastic locating spigot must go 
towards IC1 as shown in Fig.3 

Once the switch is in, feed the bat- 
tery snap leads through the two strain 
relief holes and solder them in place. 
Note that if you haven’t fitted CON1, 
you will also need to solder a wire 
link between its pad nearest the edge 
of the board and the vertical pad im- 
mediately to its left and slightly below. 
This replaces CON1’s internal switch. 
Without this, the circuit won’t get any 
power from the battery. 

The two LEDs are fitted at almost 
full lead length, with the base of their 
lenses 25mm above the top of the PCB 
(use a cardboard spacer). This allows 
them to just poke through the lid of 
the jiffy box. If you aren’t using a jiffy 
box, you could just push them all 
the way down onto the board. Either 
way, both anodes (the longer leads) go 
towards the left. 

We used a red LED for the clipping 
indicator (LED2, at left) and yellow 
for the operation/low battery indicator 
(LED1, at right) but you can change the 
colours if you want. You may need to 
adjust the current-limiting resistors to 
suit though. 

You can now plug microcontroller 
IC1 into its socket, ensuring it has the 
correct orientation, ie, pin 1 towards 
upper left. If your chip is blank, use 


Tablej2:Canacitorcodes 


Value uF Value IEC Code EIA Code 
1uF 1uF 1u0 = 1105 
100nF O.1pF 100n 104 






















5-Band Code (1%) 

brown black black orange brown 
orange orange black red brown 
brown black black red brown 
brown black black brown brown 
yellow violet black black brown 
red red black gold brown 

brown black black gold brown 
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Calculating Distortion Using A Fourier Transform 


Total harmonic distortion is defined as 
the ratio of the RMS voltage of a signal’s 
harmonics to the RMS voltage of the 
signal itself (the signal normally being 
a sinewave). The traditional method for 
measuring the THD of a sinewave is to 
align a deep, adjustable notch filter with 
the fundamental frequency, measure the 
RMS voltage of the residual, then divide 
this by the RMS voltage of the signal. 

However, this calculation can also be 
done based on a spectral analysis of 
the signal. Spectral analysis breaks the 
signal down into a series of sinewaves 
with various frequencies, amplitudes and 
phases. When these sinewave compo- 
nents are summed, the original signal is 
reconstructed. 

We can find the fundamental by look- 
ing for the sinewave component with 
the largest amplitude and we can then 
find its harmonics at integer multiples of 
the fundamental frequency. The ratio of 
the sum of harmonic amplitudes to the 
fundamental amplitude then gives us 
the THD figure. 

Note that this is not THD+N since 
we're only looking at the harmonic 
amplitudes and not the wideband noise 
(which would also be at frequencies 
below the fundamental and between the 
fundamental and harmonics). 

That all sounds relatively easy but 
there are quite a few tricks to it. First, 
we need to discuss the use of the Fast 
Fourier Transform method which is used 
to convert the sampled time-domain data 
to frequency-domain (ie, spectral data). 

The input to a Fourier Transform is 
typically a buffer with a power-of-two 
number of sample values, encoded 
as complex numbers. Normally the 
complex numbers would initially have 
a zero imaginary portion, ie, they are 
real numbers nominally in the range of 
-1 to 1 (we’re using some tricks here to 
get extra performance but we'll explain 


an in-circuit programmer to flash it 
now, via CON3. You can power the 
chip from the programmer if it has 
that capability (the PICkit3 does) — if 
not, apply DC power to CON1 or the 
battery snap. 


Testing 
If you have a triangle-wave genera- 
tor, you can test the unit quite easily. 


64 SILICON CHIP 


them later; for now, assume that’s true). 

The Fourier Transform converts these 
complex numbers into another set of 
numbers of identical size, the magnitude 
of which indicate the amplitude of the 
component sinewaves at a set of evenly 
spaced frequencies. For example, say 
we have a 4096-entry buffer (212) and 
the sampling rate is 8192Hz. 

The magnitude of the resulting com- 
plex number at index #1 indicates the 
amplitude of the sinewave component 
at 1Hz, index #2 at 2Hz and so on, up 
to 2047Hz (ie, half the Nyquist limit). 
The complex “angle” of these values 
indicates the relative phase of the con- 
stituent sinewaves but we aren’t really 
interested in that. 

So you might expect that if you per- 
formed an FFT transformation on a pure 
sinewave at say 100Hz, you would be 
able to read out its amplitude at index 
#100 and all the other values would be 
zero, indicating the lack of any other 
frequencies in the signal. However, with 
the naive implementation of the FFT, as 
well as getting a positive magnitude at 
index #100, you also get lesser values 
at index #101, index #102, etc with de- 
creasing values. The result is similar at 
lower indexes, ie, #99, #98, etc. 

In fact, you will get a non-zero value 
in every single “bin”. That’s because of 
the fact that in the 4096-sample window, 
the signal abruptly starts at sample #0 
and ends at sample #4095. These sud- 
den start and end transitions cause this 
“blurring” of the data. 


Windowing 

This problem is mitigated to a large 
extent by the practice known as “win- 
dowing’ the data. This is akin to a piece 
of music which fades in at the start and 
fades out at the end—you lose the abrupt 
transitions at these points. There are 
infinitely different ways to do this (which 


First, turn trimpot VR1 fully anti- 
clockwise and apply the triangle-wave 
to CON2 with a peak-to-peak voltage 
close to 5V if possible. That done, ap- 
ply power, switch S1 to position 2 and 
turn VR1 clockwise until either LED2 
lights or you reach the end-stop. If 
LED2 lights, turn VR1 anti-clockwise 
until it just turns off. 

Now measure between TP1 and TP2. 


vary by the rates of “fade-in” and “fade- 
out”) and depending on which windowing 
method you use, the result has different 
properties. 

Basically, different methods provide 
different compromises as to how much 
the “blurring” is reduced versus how 
much the magnitudes are altered. Popu- 
lar windowing methods include Hann 
(also known as Hanning), Hamming, 
Blackman-Harris and Flat Top. If no 
such function is applied, this is known 
as a “Rectangular Window’. These is an 
excellent description of these methods at 
the following URL: http://en.wikipedia. 
org/wiki/Window_function 

The behaviour of some common win- 
dows is shown here, inimages taken from 
that article. In each case, the left panel 
shows the function by which the input 
time-domain samples are multiplied. On 
the right is the sample output of an FFT 
for a pure sinewave with this windowing 
function applied. Note how slowly the 
function falls off from the peak with a rec- 
tangular window compared to the others. 

For the task at hand, we decided to 
use Flat Top because this makes meas- 
uring the exact amplitude at a given 
frequency easy. Basically, it guarantees 
that even for frequencies which fall 
between two “bins”, one of the bins will 
contain the correct value. The other will 
contain a similar or lesser value. This 
means we don’t have to do any complex 
summing to determine fundamental or 
harmonic amplitudes. For an explana- 
tion, see: http://www.dsprelated.com/ 
showarticle/155.php 

Flat Top has worse frequency resolu- 
tion than most other windowing methods 
however since the harmonics are spaced 
apart nicely (by the fundamental fre- 
quency in fact), it isn’t really an issue. 

But there is another, more subtle (and 
less discussed) issue with windowing 
and this is that it also causes the resulting 
amplitudes to fall off at higher frequen- 
cies. Failure to compensate for this will 
cause under-estimation of distortion 


It may take a little while to settle but 
it should give a reading close to 1.2V 
(representing 12% distortion) and 
stay there. However, it may be slightly 
higher if your triangle-wave source is 
badly distorted. LED1 should flash at 
a few hertz, depending on the signal 
frequency (anywhere in the range of 
20Hz-10kHz should be OK). 

If you don’t have a suitable signal 
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due to apparently reduced harmonic 
amplitudes. 

Our simple solution to this problem 
was to run a Flat Top-windowed FFT 
on a series of sinewaves of equal ampli- 
tude, each of which was at a frequency 
centred on a bin, measure the resulting 
peak value and store its inverse in a 
correction table. By then multiplying the 
output of the FFT by this correction table, 
we cancel out the frequency-dependent 
windowing attenuation. 

Having sampled the data, applied 
the windowing function, performed the 
FFT and determined the fundamental 
frequency, we then look for the second 
harmonic at twice the fundamental 
frequency. We handle cases where the 
fundamental falls between bins using an 
estimation function. Normally, there will 
be asmall but definite second harmonic 
spike and we then look at a 50% higher 
frequency for the third harmonic and so 
on. Each harmonic spike that is found 
improves the accuracy of the guess for 
the location of the next harmonic. 


generator, you can use the same pro- 
cedure with the signal fed in from a 
9-12VAC plugpack instead. Expect a 
reading of around 300mV, ie 3%. 

If LED1 doesn’t flicker or the reading 
seems wrong, switch off and check for 
circuit faults. Assuming it’s all OK, 


you can optionally do a further test if 


you have a sinewave generator. Ap- 
ply its signal to CON2 using the same 
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It’s then just a matter of summing the 
squares of the resulting amplitudes, 
then dividing this by the amplitude of the 
fundamental and performing a square 
root to give the THD result. 


Improving efficiency 

We said above that the input to an FFT 
is normally a set of complex numbers 
with zero imaginary components. Our 
FFT algorithm is a 32-bit fixed-point in- 
place calculation with a 4096 window 
size. This means the input is 4096 x 32 
X 2 bits (two 32-bit numbers for the real 
and imaginary part of each complex 
number), for a total of 32KB storage | 
required. Our micro has 64KB RAM, 
leaving half for other stuff. 

Here the advantage of the in-place 
FFT becomes apparent; because the 
same buffer is used as the input and 
output and no temporary storage is 
required, we can have a larger window 
size than would otherwise be possible. 

But it’s actually possible to double the 
effective window size to 8192 samples 


procedure as above and you should 
get a low voltage reading at TP1 of 
around 30-100mV, representing the 
lower limit of the distortion measure- 
ment — 0.03-0.1%, depending on how 
pure the sinewave is. 

Note that if the unit can’t find a 
signal at all, the output voltage goes to 
OV. This will be the case if the input 
signal amplitude is too low, given the 


Hann window 





Fourier transform 


decibels 





decibels 


bins 


without using any extra RAM. How you 
ask? Well, have a look at this explanation 
from Texas Instruments: http://proces- 
sors.wiki.ti.com/index.php/Efficient_ 
FFT _Computation_of Real_Input 

To start off, what you do is you take 
your 8192 samples and create 4096 
complex numbers where the real and 
imaginary part of each consists of 
alternating sample values. Thus, the 
imaginary portions aren’t “wasted” by 
being filled with zeros. You then perform 
a normal FFT computation. 

Normally, half of the FFT output is 
“wasted” as the second half is identical 
to the first half (but reversed in order). 
With this method, the extra data is no 
longer duplicated and by convolving it 
with some sinewave coefficients, using 
the formulae provided by TI, we recover 
the full set of result vectors that we would 
have gotten with a twice-as-large window 
with a regular FFT. 

Don’t worry too much about under- 
standing the mathematics behind this — it 
certainly works! 


setting of VR1. If a signal is detected 
but it is grossly distorted (eg, a square 
wave), then the output will peg at 3.3V. 


Putting it in a box 

If you’re planning on building the 
unit into the recommended UB3 jiffy 
box, it will snap into the integral ribs. 
All that’s required is three holes in the 
lid for S1 and the two LEDs, plus some 
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This is the 


holes in the base for the signal input 
and output. 

For the lid, copy the front-panel label 
shown in Fig.4 and use this as a drilling 
template. You can then download the 
label in PDF format from the SILICON 
Cup website, print it out, laminate it 
and glue it to the lid. The holes can 
be cut out using a sharp hobby knife. 

For the signal input, we drilled a 
hole adjacent to the location of CON2 
and fitted asmall rubber grommet. We 
then cut away a section of the grommet 
on the inside of the case so that the PCB 
would still fit properly (you probably 
don’t need a grommet; we just wanted 
to make sure the leads don’t fray from 
rubbing on the edges of the hole). 

For the output, we drilled two holes 
19mm (0.75-inch) apart at the right- 






Sensitivity 





Signal Input: 
20VAC Max. 


2™4 Harmonic 
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Clip— ©& Operate/Low Battery 


} snaps into in 


hand end of the box (centred on that 
end). We then fitted binding posts and 
soldered two strands of ribbon cable to 
the binding post lugs. The other ends 
of these leads were then soldered to 
TP1& TP2. 

After passing the signal cable 
through the grommet and screwing 
it firmly into CON2, we dropped the 
board in the box, placing some non- 
conductive foam next to S1 (either 
side will do), connected the 9V battery 
and sat the battery on top of the foam. 
The lid was then attached which holds 
the battery in place and the knob the 
secured to S1’s shaft. 


Using it 
There isn’t much to it, simply con- 
nect a 3-20VAC signal source (eg, an 


SILICON 
CHIP 


Even Harmonics 
Odd Harmonics 


.€ itegral plastic 
while the neers | is sandwiched benreen a piece of foam and the case lid as shown. 









ee 





bs inside the case, 


AC plugpack) to the signal input leads 
and turn S1 to its first stop, for the 
full THD measurement. Use a small 
flat-bladed screwdriver to readjust the 
sensitivity control if necessary, then 
connect the outputs to a DMM and 
calculate the distortion by dividing the 
voltage reading by 10 to get the percent 
figure. For example, a reading of 0.28V 
indicates 2.8% distortion. 

If you want to use the device for 
measuring audio signals, you may 
wish to reduce the 10kQ resistor value 
at the top of VR1 however it should 
not go below 470Q (higher if you will 
be probing signals above 20V peak). 
This is to protect IC1 from excessive 
current flow. In this case, you may 
wish to connect some sort of probe or 
clip leads to CON2. sc 


Fig.4: top lid label for the UB3 
jiffy box. To make a reading, 
connect the signal up and 
simply rotate the knob to the 
required position. The output 
voltage will stabilise after a 
few seconds, once the unit 
has adjusted for the signal 
frequency and the output 
filter capacitor has finished 
charging. 
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PRODUCT SHOWCASE 





Near HiFi Quality USB Recording Module with almost unlimited capacity 


The LT1955 voice recording/playback 
chip from KitStop features a 20Hz-20kHz 
+0.5dB stereo recording/playback band- 
width and up to 256 different messages, 
music passages or a combination of both, 
the length of which is limited only by the 
capacity of the USB memory stick used. 

Applications for the LT1955 include 
talking books, public space annuniciators, 
elevator cues, point-of-sale prompters, 
personal recording machines, background 
music, call-on-hold phone storage and speech laboratories. 

The LT1955 chip is also available installed onto a popu- 
lated USB-compatible development board. 

The development board features: 


New Raspberry 
Pi 2 Model 
B from 
element14 
is 6x faster! A 

The new Raspberry Pi 2 Model B, now available from element14, 
is claimed to be six times faster than the previous model and now 
boasts 1GB of RAM to run bigger and more powerful projects. 

The Raspberry Pi 2 features a new Broadcom BCM2836 ARMv7 
Quad Core Processor powered Single Board Computer running at 
900Mkz, with 1GB of RAM. It boots up in less than half the time of 
its predecessor. 

The expanded GPIO pins, advanced power management and 
connectivity make it possible to connect up to four USB devices, 
including some powered devices such as hard drives. The 40-pin 
GPIO enables multiple sensors, connectors and expansion boards 
to be added, with the first 26 pins identical to the Model A and B 
boards, for full backward compatibility. 

The Raspberry Pi 2 include faster and more enjoyable gaming. 
The millions of Raspberry Pi enthusiasts will also be pleased to hear 
that upgrading their existing projects to benefit from the improved 
performance simply involves an update to the Operating System. 

Since its launch in February 2012 over four million Raspberry 
Pi boards have been sold, while element14 has launched over 30 
exclusive accessories specifically designed and manufactured to 
expand its usability. The element14 Community has become one of 
the leading websites for discussion and collaboration around Rasp- 
berry Pi projects and developments. With over 280,000 registered 
users, the element14 Community is the largest online community for 
design engineers to share ideas, knowledge and solve challenges. 

The Raspberry Pi 2 
Model B can be pur- 
chased direct from the 
element14 commu- 
nity for $38.00 plus 
GST. 


siliconchip.com.au 


Contact: 
element14 
72 Ferndell St, Chester Hill NSW 2162 


Tel: 1300 361 005 
Website: hitp://au.elementi4.com 
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pi e Recording uses memory at the rate of 1GB 
per hour 

| ° Able to play back WAV files recorded on 
| USB sticks from other devices 

‘i Similarly, tracks and messages recorded 
on the Board can be played back on other devices 
y such as audio players or PCs 

° Signals (mono only) may be recorded 
through the inbuilt microphone or direct via 
line-in ports for mono and stereo inputs 

The 
LT1955 Evaluation 
Board and the LT1955 
IC are available for via 
the KitStop website. 


Contact: 
Perrin, Wright & Associates 


PO Box 5422, Clayton, Vic 3168 
Tel: (0432) 502 755 


Website: www.kitstop.com.au 


OKW’s new iPad 
Enclosures for 
industrial or 
commercial use 















OKW’s INTERFACE-TERMINAL multi- 
function electronic enclosures now have 
new front panels to enable iPad Air tablets 
to be securely mounted to walls or desks, 
or in arobust handheld enclosure to help 
prevent damage or even theft. 

They provide a tamper-resistant, IP-40 
rated housing and mounting solution for 
the viewing and operation of an iPad Air 

in communal locations such as museums, 
offices, factories, public buildings, laboratories and healthcare 
facilities. Both front panels have been designed to fit the Type 
I INTERFACE-TERMINAL housing. 

The modular design gives the choice of either mounting the 
iPad flat on a wall or desk or inclining it at an angle of 20° for 
more comfortable viewing and operation. Robust handheld 
units are also available. 

The front panels are available in matt anodised aluminium or 
ABS. The plastic panel is rated UL 94 HB. Its standard colour 
is Off-white (RAL 9002) but custom colours can be specified. 
Both panels are supplied with two attachment strips and as- 
sembly kits. 

All OKW enclosures can be fully customised with CNC mill- 
ing and drilling, printing or engraving of legends and logos, 
bespoke colours, special finishes and assembly of components. 

For further details 
about the new iPad 
Air front panels and 
the many other OKW 
enclosure solutions, 
visit the website. 


Contact: 
ROLEC OKW Aust/NZ Pty Ltd 


Unit 6/29 Coombes Drive Penrith NSW 2750 
Tel: (02) 4722 3388 Fax: (02) 4722 5300 
Website: www.rolec-okw.com.au 
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With USB recording! 


S 8861A 


High Definition TV for the Car, Caravan or Boat. 

This 7” wide format LCD features in-built HD tuner to receive all the 
latest digital Freeview channels. USB port is provided for PVR recording 
of shows. MP3 & video USB/SD playback. Powered by an rechargeable 
battery or car accessory socket. Easy to install 


9pc 1000V Rated 
Insulated Tool Kit 
Great for electricians, 
technicians or anyone 
working on mains 
equipment! Includes 
cutters, pliers, wire 
strippers, 240V test 
driver, 5 screwdrivers, 
and 2 rolls of tape. 





Includes handy 


carry case! T2175 


D5574A A311S 





Noontec® 1080p HD Media Player 

The Noontec MovieDock is a great way to playback all your favourite 
movies and TV shows from the internal drive (sold separately) or 
external storage such as USB flash drive or hard drive. 3TB max. 










Weatherproof 
Battery Bank 

Must have for tradies, 
travellers and hikers. Water 
and dust proof battery bank 
to recharge your phone on 
the go! 5V 1A output, 
5600mAH. 


Ideal for tradespeople 


~~ 
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Good Gear 
Great Prices... 


reo 





T 4704 


Amazingly A 
stable and , A 
portable. . 


Portable Cable Reel Stand 
Lightweight & easy to move around. Suits reels up to 
4008 x 430Wmm. Max reel weight 25kg. 


Wi-Fi Remote Control 
Mains Switch a 
Connects to your home wi-fi and wd 


allows you to switch appliances & 
on or off via your smartphone. ‘e ~ 
iOS or Android apps available 
; i 
P8144 \ j 
PS 


Cut energy usage! J 


Great for IP based 
surveillance systems! 





D 4212 


Power up network ‘PoE’ devices. 

An 8 port gigabit switch equipped with 4 ‘power over 
ethernet’ (PoE) ports designed to power 802.3af 
compliant devices such as IP cameras, IP telephony 
handsets and wireless access points. Provides up to 
15W of power per port over distances.up to 100m. 


Wireless 
Doorbell 

With 36 in-built 
melodies. No wiring 
required! Requires 
2 x AA batteries 
















A 0324 


80m range! 


Our Build It Yourself Electronics Centres... 


» Virginia QLD: 1870 Sandgate Rd » Springvale VIC: 891 Princes Hwy » Auburn NSW: 15 Short St 
» Perth WA: 174 Roe St» Balcatta WA: 7/58 Erindale Rd » Cannington WA: 6/1326 Albany Hwy 


Test Equipment Deals 


Moisture Meter 4 
Measures moisture levels in wood and 

building materials such as concrete, 

plaster, mortar etc. Ideal for moni- 

toring damp or moisture 


ingress. Requires 9V battery. 


Q 1255 


Measure wind speed & 
temperature easily. 

A compact thermometer & 
anemometer with max speed 
of 108km/h. Great for ventila- 
tion monitoring, experiments 
etc. Includes battery. Very 
easy to use! 





Probe Thermometer 
A handy instant read thermometer for kitchen or BBQ use. Also 
great for labs. Stainless ‘easy clean’ probe. °C or °F, min/max 
hold, -40°C to +250°C. Includes battery. 


Pro Autoranging DMM 


Multifunction backlit display 
shows date, time, bar graph & meas- 
ured reading simultaneously. 

* 3 measurements per second - up 
to 1l min © Resistance, frequency, 
duty cycle, capacitance, continuity, 
AC/DC voltage & current * 10A rated 
¢ Includes rubber holster & test leads 





Q1071A 


Autoranging 

True RMS DMM 

A high accuracy digital multimeter 
designed for those requiring true 
RMS ac waveform measurement. 
Includes 1OMHz frequency counter, 
capacitance and temperature meas- 
urement (probe included). Relative 
function, backlit LCD, USB datalog- 
ging also in-built ( lead included). 
Cat Ill 600V. 


bh neti Jia 


Self calibrating design! 


Q 1074A 


Autoranging DMM 

with non-contact detection. 

No need to switch ranges all the time! 
Includes a non-contact voltage detector 
for identification of live wires. An 
affordable, versatile meter designed for 
the enthusiast or handyman. 20A current 
range. Data hold. Backlit LCD, 





Phone Order Now iis | 


1300°797 007 


or shop online 24/7 at www.altronics.com.au 








FANTASTIC VALUE! 


Multi-Stage Weatherproof 

Vehicle Battery Chargers 

Each model utilises a microprocessor to ensure your 
battery is maintained in tip-top condition whenever you 
need it. Diagnoses the state of charge and delivers the 
appropriate current. Helps to extend battery service 
life. Suitable for permanent connection - great for 
boats, caravans and seldom used vehicles. 


M 8534 6/12V 
4.5A7 Stage 


M 8536 12V 10A 
10 Stage 








Pure AC power from 
your car battery! 


M 8012A 


High Power Compact Pure Sine Wave Inverter 

Pure sine wave 12V inverter with high 800W surge rating suitable for 
powering difficult loads, including switchmode power supplies. Fitted 
with USB charging output. 400W rated. Size: 200L x 108W x 60Hmm. 


Battery Health 
Analyser 

Detects and analyses voltage, 
cold cranking amperes, 
resistance and cell condition 
in 12V lead acid cells. Easy 
connection and on screen 
menu driven operation. Ideal 
for vehicle servicing or check- 
ing 12V SLA cells in battery 
backup systems. 


Q 2120 


Quick and accurate 
© battery health check 


Protect your 
battery investment 
These battery desulpha- 
tors prevent sulphation 
from occurring on the 
plates of your battery - a 
primary cause of prema- 
ture battery failure. 
These modules help 


* Easy in-line hook up 


Suits... Part 
minimise, even partially 
12V under 70Ah M 8540 
reverse sulphation. Suits 
standard and SLA type 12V over 70Ah M 8542 
batteries. 24V all capacities M8544 
Ideal for the study! 





Monitor energy use & cut standby power. 
In-built energy meter to calculates running costs! 

Can be switched between energy saving mode 

(which reduces standby power use) or standard 
powerboard mode. Surge protected up to 30000A! 


P 8134 


BE Follow @AltronicsAU 





Express Order 





Wide voltage range an 
high current output! 


Compact & Efficient Lab Power Supplies 

Bench top power supply for use in servicing, repair and design of electronics. 
The low noise switchmode design offers excellent regulation for high current 
requirements. Offers the flexibility of both wide adjustable voltage & current 
range. Size: 336W x 87H x 214Dmm 


M 8310 0-30V 20A 


M 8312 0-30V 30A 





’ 
P 8187 
Charge 2 
High Current oat ‘ 
USB Charger M 8625 2 Pin DC Socket 


Huge 4.8A current 
output. Ideal for 
charging two phones 
or tablets at once. 


32V 15A DC rated. 4mm cable 
entry. 44x44x28mm. 


DC Volt Meter 
30mm mounting 
hole. Flylead 
connection. 





P 8186 


32V 15A 2 Pin DC Plug 
As used on many portable 
appliances for caravan use. 





P 0672 
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$ 4325 £ 

XT60 Style DC Connectors 8 
Commonly used on RC LiPo batteries. Relay Base 5 
With Fly = 

Leads ss ‘ 

—? An easy way to fit a relay into 


existing wiring looms. 180mm 
flyleads. Suits S 4330/2, 
S 4335A. 





P 7828 


Deans Style DC Connectors 
Commonly used on RC LiPo batteries. 


W 4050 






10 Circuit SAVE 20% 

Weather 

Proof Fuse Ultra HD Fig 8 Cable 
Great for DC power wiring. 17A 

ee Rated. 15AWG. 30m rolls. 

automotive 

blade fuses. 


LED indicator 
for each circuit. 





6.4mm spade 

terminal 

connections. Solderless DC Jacks 

Max 25A per A real time saver! Screw terminal 
circuit. S 6026 connection, 2.1mm. P 0608. 


Phone: 1300 797 007 


= Fax: 1300 789 777 
Hotlines: 


Value DC Power 
Wallplates 


Virtually any combination you may 
require in car accessory socket, Merit 
socket and 2.1A 5V USB charging. 
Each plate is supplied with two facia 
covers to suit your existing wallplates. 
Easy connection via 6.3mm spade lugs 
on rear. 


L 1042 
Merit & USB 
Charging Plate. 
_L.1043 
Car Acc. & USB 
Charging Plate. 
i 
L 1037 
Dual Car 
Accessory Plate 
fm 11044 
Dual Merit 
Socket Plate 
L 1041 
Merit Socket & 
Car Acc. Plate. 





1.1036 


Car Acc. Socket 
& TV Aerial Plate 
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SAVE OVER 20% 





Ultra-Slim TV Brackets 
An affordable range of TV wall 
brackets offering incredibly 
low profile. 


Low profile TV Size Part Normally 
design just 3250" H8164 $42.95 
22mm from = 32-65" H8165 = $54.95 


wall surface! 47.84" 8166 $74.95 







Tilting TV Brackets SAVE 
An affordable range of TV OVER 
wall brackets offering 
incredibly low profile 20% 


mounting. 12° tilt. 


TV Size Part 


Low profile Normally 
design just 3250" H8167 $54.95 
35mm from 32-65" H8168 $69.95 


wall surface! 47.34" 8169 $99.95 


H 8181A 





Swing Arm LCD Monitor Bracket 

Extends up to 335mm from the mounting surface. Ultra 
slimline design. 20° ball joint for tilt adjustment. Suits all 
100x100mm VESA monitors. Max weight 15kg. 


“Picture Hanging” & 
TV Bracket 





Features reinforced wall 
mounts, steel cabling & 
TV support for easy 


cable connection. gy /) 
32-55” TVs, 50kg max. 


Compact Small 


i 
Screen Wall | 
Bracket ‘sais | : ! 
Great for smaller TV's a r s 7 
up to 32”. 200mm | { 
r = = Fhed 


VESA mount. With 7 
locking bar. Max 35kg. t 


H 8140 
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With remote control from your iOS or Android device. 


A 2696 


Access over 14,000 internet radio stations from your home hi-fi! 

This stylish wireless internet radio player will perfectly compliment your existing AV system. It provides you with 
access to DAB+ digital radio stations, plus virtually any internet station or podcast via wireless internet (no PC 
required!). Plus it can stream music stored on your PC via UPnP. Size: 430x90x285mm. 





Latest model! 


A 3217B 


Extend HDMI up to 100m using UTP cable. 
Extends HDMI signal using economical Cat5e/6 cabling 
without sacrificing signal quality. IR control signals can also 
be relayed both ways. Supports Foxtel IQ. Includes receiver, 
transmitter, 2 IR targets, 2 IR emitters & power supplies 


Scale up 1080p to 
4K resolution 

Plus, extract digital audio 
from your HDMI signal 
along the way. A handy 
adaptor for 4K TV owners 
looking to upscale HD 
sources. S/PDIF audio out. 
Includes power supply. 


HANDY! 


A 2620 





Portable Mini Mixer 

Powered by 9V battery or plugpack (M 9237A $17.95) this 
tiny mixer is perfect for karaoke or small productions. It mixes 
four 6.35mm mics. Robust steel case 


Great for cafes 
and shops 


A2710 





USB Background Music Player 

Simply plug in a USB stick, connect the RCA output to your 
amplifier & press play! It even automatically loops. Requires 
M 9272B 12VDC plugpack $17.95. 


Wireless sound 
anywhere you want it! 
This wireless speaker uses 
the latest Bluetooth 4.0 
standard with quick NFC 
device pairing with your 
smartphone or tablet. 40mm 
compact speaker and tuned 
enclosure * Hands-free 
phone functionality. 




















16 Channel 520MHz 
UHF Wireless Mic Systems 


A complete wireless mic system with 
your choice of handheld or beltpack 
mic. © Plugs into existing PA systems 
* Crisp vocal reproduction 
« Ideal for clubs, restaurants 
& wedding ceremonies. 
Up to 70m range. 


NEW 





C 8867C Handheld Pack 
C 8868C Beltpack Pack 


Lightweight, Compact 
2 Ch DJ Mixer 

Great for beginners and 
mobile DJs requiring a robust 
lightweight mixer. Two pairs of 
switchable phono and line 
inputs, plus stereo record and 
amp outputs. Bass, treble and 
gain adjustments. Cue 
crossfader makes it easy to 
cue upcoming tracks. Includes 
power supply. A2544 



















5.8GHz Wireless 
AV Sender 


* Transmit stereo audio & 
composite video without 
cables from room to room * 
30m range ¢ IR sender built 
in ¢ Includes transmitter, 
receiver & plugpacks. 


Compact 
Caravan Aerial 


Digital ready amplified 
TV antenna for 





great reception es L 2002 
on the road! 
Easy to install, Also great 
includes cabling & for boats! 
power supply. 
A 2384 





Extend your sound system with ease! 

Connect up to two additional pairs of speakers to your stereo amplifier 
without risk of damage or overloading. Each speaker “zone” has 
volume control and ON/OFF switch. 50W RMS per channel. Suitable 
for 4 or 89 speakers. 


» Virginia QLD: 1870 Sandgate Rd » Springvale VIC: 891 Princes Hwy 
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In our opinion 
these sound 
just as good as 
famous US 
brands costing 
3-4 times the 
price. 


The Ultimate In Live Sound By Redback® 
Delivers punchy, powerful & clean sound. Titanium 
diaphragm compression tweeter. Perfect for large 
venues, halls, pubs, function centres, clubs etc. Ideal for 
stand mounting on C 0521A. Wall mount with H 8055 
($49ea). See page 107 of the catalogue for more info. 

* Titanium diaphragm tweeters 
. Neodymium — for high power handling 


Size Model RRP 
8" 80W C 0996A $250pr 
12” 200W = C1004A $698pr 
15"250W C1008A $798pr 


Four stereo 30W 


i 1 
4 Zone 30W Amplifier amps incone: 


Ideal for multi-zone audio distribution. Offers 30W RMS 
per zone (15W per/ch) all from a unit measuring just 
200mm wide! Individual volume controls. Headphone 
output. RCA input. Includes power supply. 


A 2630 





4 Channel pallies , Amplifier 

Ideal for audio monitoring in bands, music production, 
connects four headphones with individual level control. 
Stereo RCA, 3.5mm and 6.35mm TRS inputs. Includes 
power supply. 113x73x40mm. 





2x15W RMS 
class-D amp. 


A1113 


Wireless 30W Bluetooth® Amplifier 
Simply hook up a pair of speakers and stream audio 
from your Bluetooth® smartphone or tablet up to 10m 
away. Infra-red remote volume, bass & treble 
adjustment. Includes remote control, IR target & 
power supply. 


Sale Ends April 30th 2015 


Educational 





Motorised 
4 in 1 Robotics Kit 


Assemble 4 different robot designs 
which teach kids about geared 
movements in a practical and fun 
way! Requires 1xAA battery. No 


soldering required 





K 2204 


A great starter option for the kids 


30 in 1 Electronics Lab 
Contains everything you need to 


build a range of electronic p 
to encourage learning about 
essential principles. Require 
2 x AA batteries. 


300 fun 
projects in 





Electronics 


6 in 1 Solar Recycler Kit 

Uses common household items like soft 
drink cans and old CDs to create fun and 
interesting solar powered designs. Build a 
robot, steam roller, CD racer, bottle yacht 
and more! No soldering required 


K 1123 


T4 4 in 1 Solar Robot Kit 

Build a robot, t-rex dinosaur, drill vehicle 
and rhino beetle. Performs different 
movements when placed in the sun 

A great intro to solar power and 
electronics. No soldering required. 


rojects 


S 


y pie 
—— 


300 in 1 Spring Terminal Electronics Lab Kit 


The ‘Rolls-Royce’ model with all the bells and whistles. Teaches you about electronics 
from A to Z. You will learn about electronic parts, how to read schematics, and wiring 
diagrams. All this, while building up to 300 projects. Provides many hours of tinkering 


- a great way to gradually build on your knowledge. Requires 6 x AA batteries. 





‘Follow Me’ Robot Kit 


Uses four inbuilt microphone: 


Altronics Phone 1300 797 007 Fax 1300 789 777 


Mail Orders: C/- P.O. Box 8350 Perth Business Centre, W.A. 6849 
>) Altronics 2015. E&OE. Prices stated herein are only valid for the current month or until stocks run out. All prices include GST and exclude freight and 
insurance. See latest catalogue for freight rates. All major credit cards accepted. 


Robotic Arm & Claw Kit 
A great introduction to basic robotics. 
Includes five motors allowing base 


Ss to 
detect sound (such as a hand 
clap) and moves toward it. No 
soldering required. Requires 4 x 
AAA batteries (not included). 


plus claw for picking up objects (up to 
100g). Includes wired controller. 


Please Note: Resellers have to pay the cost of freight and 
insurance and therefore the range of stocked products & prices 
charged by individual resellers may vary from our catalogue 
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Part 2 of our quality Weather Station based on ARDUINO 








specialised parts from ebay sellers — in fact, quite a 
number came from just a couple of them. 

If you’re considering building your own weather station, 
we’ll assume you’re well on the way to obtaining these 
parts, along with the PCBs which come from the designer 
in Portugal (www.meteocercal.info). 

In this second instalment, we list all the parts, conveni- 
ently broken down into individual lists for each component 
(ie, the transmitter, receiver etc) and then we move on to 
building the first module — the TX (transmit) Unit. 

As you can see, apart from the specialised parts, most 
are “garden variety” components available at virtually 
any electronics retailer. We understand that some of these 
retailers may also attempt to obtain stock of the more 
specialised components as well. 


Building the TX unit 
If you’re familiar with building projects you can skip 
this part as it’s all common practice and common sense. 
If not, though, there are a few tips to keep in mind: 


L ast month, we told you how we obtained many of the 





The soldering iron 

Keep your soldering iron tip clean. Use a wet sponge 
(often incorporated into soldering iron stands) or a copper 
or brass woolly pad to regularly drag the tip over. 

If you’re not using the iron, turn it off — nothing kills a 
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wireless weather station 


eatherDuino 


System designed 
by Armindo Caneira* 
Built and written 
by Trevor Robinson 


*www.meteocercal.info 
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soldering iron tip faster than leaving it heated. And if you 
don’t already have one, a temperature-controlled soldering 
station is a really good investment (particularly if you build 
more projects, repair devices and so on). 


Beware of static 


Quite a few of the components in this project can be dam- 
aged by static electricity. This can build up on you and on 
your tools (including the soldering iron) simply by using 
them — and usually you don’t know about it! 

If a component is supplied to you on foam, in foil or 
in an anti-static tube, take anti-static precautions such as 
earthing the workspace and yourself, making sure any tools 
you use are discharged and so on. It also pays to leave the 
component in the anti-static material until you are ready 
to use it. 

You'll find a lot of helpful tips on the internet, courtesy 
of Dr Google. 


Populating the PCB 

These are double-sided boards so the first thing to do is 
work out which is the “normal” (or top) component side 
and which is the reverse side. Use our component overlay 
diagrams for this. 

It’s normal practice to insert the lowest height compo- 
nents first — obviously, resistors fall into this category. 
Capacitors are usually soldered in next, remembering 
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that electrolytic types are polarised and must be inserted 
into the PCB so that the “-” on the side of the component 
matches the “-” symbol on the PCB. 

Leave diodes and other semiconductors until later, with 
“hardware” the last to go on. 


Soldering 

When soldering the components in, make sure you don’t 
use too much heat but you need enough heat to make sure 
the component leads are properly soldered to the pads on 
both sides of the board, where appropriate. 

If soldering a heat-sensitive component such as a tran- 
sistor, it’s better to leave as much leg length as possible 
because this will tend to minimise the heat getting to the 
transistor itself. You can also use a small clip-on heatsink 
(or even a crocodile clip) on each lead as you solder to 
further protect the device. 

Also make sure you don’t use too much solder and form 
bridges between pads — most particularly when pads are 
very close together. Good soldering comes with practice, 
practice and more practice. 


Inspection 


When complete, give your PCB the once-over — twice! 
First check your component placement, including polari- 


” + 
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ARDUINO WEATHER STATION TX MODULE 





ties where required, against the 
overlay diagram. If there are 
any blank component positions, 
check that they are supposed to 
be — blank, that is! 

If you’re happy with what 
you’ve done, then use a loupe 
or magnifying glass to carefully you 





inspect the soldering. Where pos- a 

sible, check both top and bottom Caachaa th oo 
ee ope Ta litter module 
joints and if in doubt, use a con- solders into the TX PCB. 


tinuity tester (or a multimeter) 
to check for shorts between pins or pads. If a joint looks 
doubtful now, re-solder it and avoid problems later! 


Notes about the PCB and components 

Normally, you won’t need to install resistors labelled R5 
and R6 (10kQ, 0.25W) on the PCB, as they are for optional 
I?C devices that don’t have internal pull-up resistors. 

After installing the 20kQ preset potentiometer, set it 
to its mid-point (ie, 10kQ). This is a fine adjustment for 
the wind vane but once set to 10kQ, it’s unlikely to need 
further adjustment. 

The 7809 regulator and the IRLZ44N MOSFET both 
come in “TO-220” packages so are easy to mix up. Refer to 
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Fig.1: the circuit diagram for the first WeatherDuino 
module to be built, the TX (Transmitter) Module. 
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Parts List — TX Unit 


1 WeatherDuino Pro2 TX V4.0 PCB (Notes) 
1 Arduino Nano v3.0 microprocessor module (H) 
1 SHT10 digital temperature and humidity sensor module 

1 FS100A 433MHz TX module (I 
1 433MHz antenna 

1 SMA female panel connector, with pigtail 
1 TMP36 temperature sensor (#) 

1 case to suit 

1 heatsink to suit 7809 (#) 

1 12V DC fan (optional — used only with a Stevenson Screen) 
1 power supply, 12VDC @ 1A or higher if fan used 


D 
C 
G 


E 


Connectors (both plug and socket required #) 

1 3-pin polarised header (power & battery voltage sensing) 

1 2-pin polarised header (“Stevenson Screen” fan) 

2 4-pin RJ-12 4P4C sockets (for temperature sensors) 

1 6-pin polarised header (UV solar interface) 

1 5-pin header (for expansion port; optional — unused but may 
be used for later expansion) 


Semiconductors 

1 IRLZ44N N-channel MOSFET (Q2) 

1 2N7000 N-channel MOSFET (Q1) 

1 7809 9V positive voltage regulator (REG1) 
1 1N4004 rectifier diode (D1) 

1 3mm red LED (LED1) 

1 3mm green LED (LED2) 


Capacitors 
5 100nF multi-layer ceramic 


Resistors (0.25W, 5% or better) 
3 10kQ 2 4.7kQ (J) 1 3kQ 1: 1kQ 1390Q 11002 
1 20kQ horizontal trimpot 


(G) 


(#) — See text for more information 


their labels and the screen printing on the PCB to get them 
correct! In both cases, the metal heatsink of both of these 
devices goes towards the edge of the PCB. 

To connect the SMA pigtail GND, you have to care- 
fully remove some of green solder-mask on the FS1000A 
module’s PCB, near the ANT hole. Then solder the centre 
conductor to the “ANT” and the shielding braid to the 
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Fig.2 (left): the WeatherDuino Pro TX PCB component overlay shown at 1:1 scale, with the blank PCB alongside. There are 


Parts List — RX Unit 


1 WeatherDuino Pro2 RX PCB 

1 Arduino Nano v3.0 microprocessor module 

1 DS3231 real-time-clock Arduino module 

1 3V lithium battery (coin cell) for RTC 

1 DHT22 temperature/humidity sensor 

1 BX-RMO06 ASK OOK FF receiver 

1 BMP180 (or BMP085) barometric pressure module 

1 SMA female board connector 

1 Jumper (sets BMP module voltage) 

1 momentary pushbutton switch, NO 

1 SPST pushbutton on/off switch 

1 display: either ST7735 1.8” TFT, OR 20 x 4 alphanumeric 
LCD, OR 16 x 2 alphanumeric LCD 

1 433MHz antenna 

1 case to suit 


Connectors (both plug and socket required #) 
1 3-pin polarised header (power & battery voltage sensing) 
1 2-pin header (for screen mode pushbutton switch) 
1 2-pin header (for SPST switch used for 
program/run mode selection) 
1 4-pin polarised header (for temperature sensor) 
4 4-pin polarised headers (for TFT screen and backlight) 
1 jumper shunt (for pressure sensor) 


Semiconductors 
1 2N7000 N-channel MOSFET (Q3) 
1 3mm red LED (LED2) 


Capacitors 
1 100nF ceramic 


Resistors (0.25W, 5% or better) 

2 10kQ 1 360Q 

1 120Q (use 100nF ceramic capacitor instead if your Arduino 
Nano has a CH340 chipset) 





where you removed the varnish. 

When installing the Arduino Nano, stagger the soldering 
of the pins to avoid heat build-up. Even better, use a 30-pin 
socket and plug the Nano in later. 


Power connection 
Most constructors will power the TX unit with a 12V DC 
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minor dfferences between the prototype boards and the final production boards. 
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Parts List - Wireless Display Unit 
(Notes) 
1 WeatherDuino Pro2 wireless display PCB 
(includes all SMD parts already soldered on) 
1 5V DC power supply, fitted with mini-B USB plug 
1 pushbutton switch, momentary, NO 
1 SMA female PCB connector 


Semiconductors 

1 Arduino Nano 

1 DHT22 temperature/humidity sensor 

1 BX-RMO06 ASK OOK 433MHz RF receiver module 

1 3mm red LED (LED4) 

1 display — one of: ST7735 1.8” TFT, 
or IL10341 2.2” 20 x 4 alphanumeric LCD, 
or ILI934 2.4” 320 x 240 alphanumeric LCD 
or 20x4 LCD module OR 16 x 2 with |2C 

module (#) 


Capacitors 
1 10uF/16V tantalum 
3 100nF ceramic 


Resistors (0.25W, 1% metal film) 
7 10kQ 1 1800 


(#) See text for more detail 


Notes Table 


All these came from same ebay seller. 





Connectors (recommended, as it makes it a lot easier to 
connect and remove the PCB from its housing for later 
firmware updates, troubleshooting, etc). 

1 5-pin polarised header (for touch screen interface) 

1 SMA female board connector 

1 4-pin header (for inside temperature sensor) 


Optional components for Rx Unit 


(Highly recommended, needed if you want to relay data to a 
wireless display). 

1 KXD-10036 433MHz transmitter module 

1 433MHz antenna 

1 2.5mm DC power socket 

1 2N7000 MOSFET 

1 3mm green LED 

1 7809 9V positive voltage regulator 

1 heatsink to suit 7809 


Capacitors 
1 10uF 16V tantalum 


Resistors (0.25W, 1% metal film) 
1 10kQ 1 470Q (required for V4.03 PCB only) 


— please refer to listings last month for ebay item numbers 


From supplier nominated, both pieces come together as a pair. These can be brought separately elsewhere but must match the 


picture as these types work best! 
All these came from same ebay seller. 
All these came from same ebay seller. 


Up to the end user to choose the best for the application/ and desired look. 


Also requires 12VDC power pack to suit (positive centre) 
All these came from same ebay seller. 

All these came from same ebay seller. 

This came from the same seller as A (above). 


Please don’t use the included Receiver module in this pair. It’s not good (but the transmitter is good!). 
Only required if you are using the |2C connector with a device that doesn’t have internal pull-up resistors on the SDA and SCL lines. 
Can be omitted if you buy the KXD-10036 RF Transmitter/Receiver modules for the optional data relay as this part is included in the 


kit. 
M From www. meteocercal.info/forum/index.php 


plugpack. But if it’s not close to mains power, you could 
use a solar panel and 12V battery. The TX unit allows re- 
mote monitoring of the battery voltage so if using a battery, 
connect the +BAT terminal to the 12V battery (+) and the 
12V terminal to the output of your solar charger controller. 
If you’re using a plugpack, simply connect the +BAT and 
12V terminals together. 

Your TX unit should now be complete and ready for 
connection of the External Temperature Sensor. But first 
you need to attach it to a cable. 


Temperature Sensor 

As discussed last month, we opted for the SHT10 Tem- 
perature Sensor as we feel it offers the best “bang for buck”. 
Others might be more accurate but are also significantly 
more expensive. The SHT1x and the DHT22 use a serial 
protocol to pass information to the Arduino microprocessor. 
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In Arduino-speak, software is known as “sketches”. 
And the add-on boards which plug into the Arduino are known as “shields”. 





The datasheet for these SHT1x sensors can be found 


here: www.sensirion.com/fileadmin/user_upload/custom- 
ers/sensirion/Dokumente/Humidity/Sensirion Humid- 
ity. SHT1x_Datasheet_V5.pdf 

The WeatherDuino TX board also supports the SHT1X 
(and the SHT2X using the I?C port), so if your budget allows 
it, feel free to upgrade. However, if you go with the SHT2x 
module, you will need to visit the Meteocercal forum for 
the details required to use it. 

The ebay reference number we gave last month will take 
you directly to the SHT10 which has the senor already 
attached to a breakout board, making it easier to connect 
to the TX Unit. 





Sensor cable 


Make up a temperature sensor cable using a 4-pin con- 
nector (eg, Jaycar HM3404) and a length of good quality 
4-core cable (maximum length 5 metres). Carefully solder 
the pins and heatshrink the other end of the cable to the 
sensor pins (or use a suitable plug to connect but remember, 
this needs to be protected as it is out in the open). 


Case Temperature sensor 

The TMP26 temperature sensor gives a voltage output 
proportional to the temperature. 

This is used only to monitor the temperature inside the 
TX unit case. However, it isn’t essential so if you want to 
save a little money, this can be omitted. 


Programming the Arduino Nano 


Programming is done by connecting the Nano to a PC 
USB port and running suitable software. 

While all this looks quite complex at first, in reality it’s 
fairly easy, especially for the TX unit. Once you’ve done 
these steps once, you shouldn’t need these instructions 
again. 

Ok, lets get started on some software fun. 


Finding the COM Port 


To program the Nano, you need to see what COM port is 
created when the Nano is connected to the host PC’s USB port. 


File Action View Help 


@ | m| Bol & 





» & Audio inputs and outputs 

> ji Computer 

> cj Disk drives 

> MY Display adapters 

> bey Human Interface Devices 

& yg IDE ATAZATAPI controllers 

» ™3j Imaging devices 

» 5 Keyboards 

> % Mice and other pointing devices 
> Ie Monitors 

> & Network adapters 
4 °F Ports (COM & LPT) 


Communications Dost OM1 
Be 7 USB-SERIAL CH340 (COM3) 
ay 






- 
> ae Print que 
» BB Processors 
» E22 Sensors 

> 2 Software devices 
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Before plugging in the Nano, open the Device Manager 
on the PC (Control Panel>Device Manager) and expand the 
“Ports (COM & LPT)” item by double clicking it. 

Now plug in the Nano and you should see a COM port 
created like that shown below left. 

If the icon beside it has an exclamation mark then you 
will need to install the driver. 

If you purchased the Nano from the ebay supplier listed 
last month, the required driver for the CH340G serial adap- 
tor is called CH341SER.zip. 

You can download it from that seller’s site or from this 
thread at the Meteocercal forum www.meteocercal.info/ 
forum/Thread-Arduino-Nano-USB-Driver 

By the way, the Serial/USB converter onboard the Nano 
dictates which method of reset pullup we use later on the 
RX/WD boards, but we will cover that in the next part of 
the series. 

Keep the Nano plugged in and move on to the next step. 


Installing and configuring the Arduino IDE 

Download the Arduino integrated development environ- 
ment (IDE) software from the Arduino.cc site. 

You will need the Arduino 1.5.8 BETA IDE as the code 
needs the extra optimisation that this beta release of the 
IDE gives, otherwise the code will not fit in the Nano’s 
32KB flash memory. 

You can download the Arduino IDE here: http://arduino. 
cc/en/Main/Software#toc3 

I’d recommend selecting and downloading the Windows 
Installer option from the above link (if, of course you are 
running Windows on this PC). Run the installer and give 
it a little while to install as it’s quite a large program with 
all the built in libraries. 

Once it’s installed open it. Then: 





1. Click File then Preferences. Take note of the Sketchbook 
location. The path will have the name of the current logged in 
user. 

This is where we'll extract the WeatherDuino software folders 
to. 


Editor fontsize:(12 | (requires restart of Arduino) 


Show verbose output during: [_] compilation [_] upload 

[¥] Display line numbers 

[¥] Verify code after upload 

(Use extemal editor 

fw) heck for upd 

[7] Update sketch files to new extension on save (.pde -> .ino) 





[¥] Automatically associate .ino files with Arduino 
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512MB MP3 Player FM Radio Mini Boom Box 


Radio, MP3 & WMA Player & 512MB storage, 

Line in, Quality Sound — $13.50 
* Int.mem 512MB with SD/MMC Slot ‘4 
* Record Function Via Line-in 

* Rechargeable Battery 

* Inc. Charger & Leads 

Size: 60mm(H) x 185mm(W) x 60mm(D) 
Colour: Black 






#42681 


ockby Electronics Pty Ltd 









48W Soldering Station 


*For general electronic and electric repair 
*High quality compact design 

*Variable temperature controlled range from 
100C to 450C 

*On/off switch with power on indicator light 
*Safety guard iron holder 

*Includes 1.5mm Tip 


ae 


$27.50 
#39546 








12A 12V/24V (Auto Switch) Sola ar Control 


Rating: 12V-12A 24V-6A 

Solar Panel Controller,12V/24V auto 
switch High efficiency and stability.volt- 
age drop is less than 0.2V. 
Manufacturer.: JUTA 





#37605 





Handheld Anemometer 


* Air Velocity Range: 0.2m/s to 30m/s 

* Measurement units in: kilometres per hour, 
miles per hour, metres per second or knots. 
* Max. wind speed memory 

* LCD backlight 

* Water resistant 

* Size: 98 x 38 x 17mm 

Manuf.: SKY VIEW EA3000 


$59.30 





#42224 





USB Powered Multimedia Speakers 


Colour: Black 

RMS: 3 Watts 

Drive unit 3” x 2 

Output impedance 4 Ohm 

Freq. response: 200Hz-18KHz 

Size: 180mm(H) x 95mm(W) x 80mm(D) 


#42566 







Sizes include - 1mm, 1.5mm, 2mm, 2.5mm, 
3mm, 3.5mm,4mm, 4.5mm, 5mm, 5.5mm, 
6mm, 6.5mm, 7mm, 7.5mm,8mm, 8.5mm, 


$16.50 


AGM Deep Cycle SLA Batteries 


Value regulated lead acid batteries are designed 
with AGM (absorbent glass mass) technology, 
high performance plates and electrolyte to gain 
extra power output for common power back up 
system applications widely used in the field of 
UPS, Emergency lighting system 





Stock# Rating Dimensions Price 
#38696 12V 7Ah 151(L)x65(W)x93(D)mm $17.50 
#38697 12V17Ah = 180(L)x75(W)x165(D)mm $42.40 





9mm, 9.5mm and 10mm 









#42468 
Atlas® LCR Passive Component Analyser 


In seconds the Atlas LCR will identify the type of component (inductor, capacitor or 
resistor), plus the value. 

Resistance: 10 - 2MO (+1.0% / +1.20) 
Capacitance: 0.5pF-10,000uF(+1.5% /+1.0pF) 
Inductance: 1H - 10H (+1.5% / +1.6yH) 
Peak test voltage (OC): -1.05V / +1.05V 

Test frequency accuracy: +1% 

Sine purity: Typically -60dB 3rd harmonic 
Dimensions: 100 x 70 x 20mm 





$159.00 


#39668 


200W Thermoelectric (Peltier) Modules 
“ — ~$39.50 


) 


2858 





Temperature Differential (DT) 

>=68 degrees C 
Optimum Input Voltage (Vmax)): 24.5 
Optimum Input Current (Imax):13A 
Maximum Cooling Power (Qmax): 200W 
Measures: 50 x 50 mm with lead wires 





|1000V Heavy-Duty Insulation Sidec 





*Quality Heavy Duty Side Cutters 
*1000V Insulated 

Manufacturer: KAISER DIAGO 
EC602-160 

#43068 


Wiha 2-Piece PH1 PH2 Screw Driver Set 


* Soft Finish Electric Xeno 
* 1000VAC Insulated $12.50 ——  -~ 


Manufacturer:Wiha 
** Made in Germany ** 


#43067 


| 1000V Heavy Duty Insulated Pliers 


* Quality Insulated with crimper, 

cutter, flat jaw 

* 220mm Long 

* Approved for work in area of live parts 
up to 1000VAC 

Manufacturer:KAISER EC816-200 





12V 5A 60W Switchmode Power Supply 


Input: 90-264VAC 

Output: 12VDC 

Rated Current: 5A 

Rated Power: 60W 

Ripple and Noise: 100mVp-p 

2.1mm DC Socket 

Manufacturer: Meanwell GS60A12-P1J 















Palm Size Digital Multimeter fa 


DC Volts Ranges: 200mV/2V/20V/200V/500V 
AC Volts Ranges: 200V/500V 

DC Current: 2000"A/20mA/200mA/10A 
Resistance: 200R/2000R/20k/200k/20M 
Size: 130 x 73.5 x 35mm 

Weight: 156g 

Manufacturer: Tenma 





#41714 








PH: (03) 9562 8559 FAX: (03) 9562 8772 





ACN# 006 829 821 ABN# 3991 7350 807 


RORK BY 


Electronic Components 


Rare Earth Magnets 


Magnet Type: Button 
Body Material :Neodymium Iron Boron 






Stock# Size Pack Size Price 
#41729 8x3mm (Pack of 10) $2.90 
#41730 12x3mm ___ (Pack of 6) $2.70 
#41731 18x3mm (Pack of 3) $3.10 








*Spend Over $60 from 
these specials and receive a 
free 400mm Robust Plastic 

Tool Box* 


56 Renver Rd. Clayton Victoria 3168 


PO Box 1189 Huntingdale 
Victoria 3166 


Web Address: www.rockby.com.au 
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“Display line numbers” and “Automatically associate .ino files with 
Arduino” check boxes. Then click OK. 

. Next click Tools, then Board. Find and Select Arduino Nano. 

. Click Tools again, and then Processor. Select ATmega328. 

. Once again click Tools, then Port and then select the COM port 
that you saw in the step above. 


on ow 


All good? Close the Arduino IDE and move to the next 
step. 


WeatherDuino software 


Now you need to download the WeatherDuino software 
(also called a sketch in the Arduino circles) from the 
Meteocercal forum site. 

Here is the link to the thread for the RX and TX unit: 

www.meteocercal.info/forum/Thread-WeatherDuino- 
Pro2-RX-TX-Software-Latest-Release 

Save the .zip file to wherever is convenient. 

Now extract the .zip file to the location found in step 1 
above. Choose OK to merge or replace the files. 

If the libraries are not in the right location the IDE will 
throw errors when you go to compile and upload the soft- 
ware to the Nano. 

You can manually ask the IDE to import the Libraries 
(menu/sketch/Import libraries) tho it’s easier just to put 
them where the IDE is expecting to find them. 

Browse to the WeatherDuino Pro2 vXXX XXXXXXXX 
in the location in step 1 above (The “x”’s will change de- 
pending on the version). 

Inside there should be three folders. Open the Weather- 
Duino_TX vXXX_bXXX and inside that folder should be 
WeatherDuino_TX vXXX_bXXX.ino, double click that and 
it should open in the Arduino IDE. 

Make sure it’s the file with TX in the filename. 


Configuring the WeatherDuino Pro TX options 
Now you should be looking a window that looks like this: 


® trom http: //kessleraxduino. wordpress, com/ 





You can read the comments which always start with “//” 
(the // tells the device not to run the code), doing so should 
make it fairly self explanatory what that line of code does. 

We will attempt to explain main config lines, where 
needed, that you need to change to get a working Weather 
Station suited to you location and set up. 

Any queries regarding changes to settings besides the 
usual basic configuration discussed in these articles, should 
be asked in the Metocercal forum (www.meteocercal.info/ 
forum). 

For this Weather Station we’re building in this series of 
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articles, nothing needs to be changed here in the TX con- 
fig (shown below) unless you need to alter the Stevenson 
Radiation Screen fan hysteresis (if used), or if you decided 
against going with the SHT10 temperature sensor, then you 
would need to alter this line to suit: 


#define |ID1 0 // Temp / Hum data - 0 for SHT1x sensor, 


1 for DHT22 sensor 


for say, a DHT22 temp sensor 


#define |ID1 1  // Temp / Hum data - 0 for SHT1x sensor, 


1 for DHT22 sensor 


An example of WeatherDuino TX user options section 
of the code: 


byte StationID = 0xA1;// Must be equal to your RX Unit 
(Value from 0x00 to OxFF) 
byte UnitID =0; //Ifyouuse only one TX unit define it as UnitID =0 
// For a second TX unit, define it as UnitID = 1 
|| ---------------- Let’s define the data we want to send ----------------- 
//#define IDO // SHT21 Sensor 


#define ID1 0 // Temp / Hum data - 0 for SHT1x sensor, 
1 for DHT22 sensor 

#define ID2 // Wind data 

#define ID3 // Rain data 

//#define ID4 // UV / SolRad data 

#define ID5 // Hardware Status - System Temp, Battery 

Voltage etc 


byte fanOn_HiTemp = 32; //RS Fan turn on when outside temperature 
is >= than this value (°C) 

byte fanOn_LowTemp = 1; // RS Fan turn on when outside tempera- 
ture is <= than this value (°C) 

byte fanOn_LowWind = 2; // RS Fan turn on when Wind Average is 
<= than this value (m/s) 


Uploading the software to the 
WeatherDuino TX_unit 


If you have made changes, we would recommend saving 
them with a descriptive name (file/save as). 

Then it’s as easy as clicking the right arrow in the IDE 
to compile and upload the sketch. 

Normally it will work without error if configured cor- 
rectly. But there’s two problems that can happen: 

1. The IDE will give an error that the sketch won’t fit. 
That’s usually caused by not using the latest beta version 
of the IDE. 

2. The IDE will give an error if it can’t find the librar- 
ies required. Check the location of the libraries or use the 
manual import function in the IDE (Sketch/Import Library). 

At this point you can disconnect the TX unit from the 
Host computer and when you power it up from a 12VDC 
power pack, you should have an operating TX unit sending 
data packets out over 433MHz. 

The green transmission LED should also blink when it 
does. 


The sensors and instruments 


Also at this point, it would be a good idea to read up 
on sensor and instrument placement. There are quite a 
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few “rules” on where specific sensors need to go to obtain 
correct readings. 

For example, the rain sensor needs to be located away 
from buildings so that any rain which falls into it is not 
subject to amplifying or shielding; the temperature sensor 
should ideally be located in a “Stevenson’s Screen”; wind 
sensors cannot be located in either a wind shadow or wind 
funnel and so on. 

The location will also govern where you would locate 
your TX unit and its sensor suite — and of course the cable 
run lengths required. 

There’s plenty of great information on the internet re- 
garding this subject. A fairly good summary can be found 
here: www.wunderground.com/weatherstation/instal- 


lationguide.asp 





Connecting the “Fine Offset” sensors: 


As mentioned in the first part of this series, the TX unit 
supports the Fine Offset weather station sensors. These 
look like this: 


The Anemometer 


The Wind Vane The Rain Gauge 





Usually with the Fine Offset sensors, the Anemometer 
connects to the Wind vane via the common old flat 4-core 
telephone cable, using one pair. Then the Anemometer 
connects to the TX unit using the same cable. 

The Wind vane data goes via one pair to pins 1 & 2 and 
the Anemometer goes via the other pair to pins 3 & 4. The 
board has screen printed designations showing which RJ11 
socket is which. 

If your sensors don’t usually connect in this fashion, 
then you will need to make or buy a splitter of sorts. 
Check the schematic — it shouldn’t be too difficult. You 
may even be able to use a phone line splitter (though not 
a ADSL splitter). 

Wind and Rain sensors are available via ebay and some 
online stores. 

Tip: By using multiple TX units, you can mount more 
than one sensor, in various locations. This is handy. for 
example, if your anemometer needs to be higher than the 
cable allows, or, another example, when you need to move 
the temperature sensor to a better or shadier position. 

To use more than one sensor, you need to alter this code 
and upload it to the second TX unit (the system supports 
a maximum of three TX units). A third unit can only be 
used with temperature/humidity and solar/UV sensors, 
not with rain or wind sensors. 


byte UnitID = 0; // If you use only one TX unit define it as UnitID = 0 
// For a second TX unit, define it as UnitID = 1 


So this part of the series was fairly easy. huh? Good, as it was 
bit of a warm-up as the next part gets a little more involved 
with the configuration of the RX unit. 

And at the end of the next part you will have a fully op- 
erational weather station that’s capable of sending data to the 
Internet! See you then. SE 
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New! Compact, 94% Efficient 


Powerful DC-DC Converters 


KSDC-DCD100 100W Buck 


(Down) DC-DC Converter 

/P Voltage: DC 4.5V-30V (16Amp) 
O/P Voltage: DC 0.8V-28V 12A(adj.) 
COMPACT 60mm x 52mm x 20mm 


$2 1 1 7 0 inc.GST _ inc. GST Plus $8.40 P&P 


KSDC-DCU-100 72W Boost 


(Step up) DC-DC Converter ; 
Input Voltage: DC10V=32V (10amps) 

Output: DC 12V to 35V (adj.) (6Amps 
COMPACT 65mm x 58mm x 20mm 


922. 70 inc.GST inc. GST Plus $8.40 P&P 












KSDVM-30 ULTRA-COMPACT | 
4.5-30VDC Digital Panel Meter)” 
Features: Bright 0.36” Red LED DigitS 
Snap-Fit Housing, Range optimized for 
solar, automotive & trucking applications. 7 


$6. 70 inc. GSTPlus $3.60 P & P 
Yj: STO www. kitstop.c com.au 
Ki St P.O. Box 5422 Clayton Vic.3168 


hh, the fun starts here. Tel:0432 502 755 


The Convenient All-in-One Solution 
for Custom-Designed Front Panels & Enclosures 


90.24 USD 
_ with custom 
logo engraving 


We machine it 
and ship to you a 
professionally finished product, 
no minimum quantity required 


You design it 
to your specifications using 
our FREE CAD software, 
Front Panel Designer 


e Cost effective prototypes and production 
runs with no setup charges 


e Powder-coated and anodized finishes in 
various colors 


e Select from aluminum, acrylic or provid 
your own material 


e Standard lead time i 
f g in. 


FRONT PANEL | 
EXPRESS 


FrontPanelExpress.com 
1(800)FPE-9060 
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CURCUIT. NOTEBOOK 


Interesting circuit ideas which we have checked but not built and tested. Contributions will be 
paid for at standard rates. All submissions should include full name, address & phone number. 





REG1 LM2936Z5 


LM2936Z OUT IN O +9V 






Dy GND 
LO 100nF 
IN “¢ OUT 
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FC SET FOR 50ms STARTUP 


Hard drive brushless motor 
controller with speed control 


Most of us will have an old hard 
disk drive in our junk boxes. If you 
dismantle these you will find that 
they contain a very high precision 
3-pole brushless motor without Hall 
effect sensors. If you wish to run 
these motors then this simple circuit 
is for you. 


More complex brushless motors 
contain three Hall effect sensors 
that tell the circuit exactly where 
the motor poles are in relationship 
to the permanent magnets. Allegro 
make the A4941 3-phase sensor- 
less fan driver (available from RS 
Components) that senses the back- 


Y 
As you can see, we pay S88 for contributions to Circuit Notebook. 
=F-olaManteyal tam tats¥ SE Slmecelaltglolll ((elaWclmig-we) Melkver-1elaRenit i-M-ve/iel) 
receives a } 
That’s yours to spend at Hare&Forbes Machineryhouse as you see fit 
- buy some tools you’ve always wanted, or put it towards that big 


= purchase you’ve never been able to afford! I ¢ : 
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O OV 


* SET MAXIMUM MOTOR CURRENT 


EMF from the un-energised winding 
produced when the motor rotates. 
This reduces the cost of the brush- 
less motor as the Hall effect sensors 
can be omitted. The only problem 
is that the motor has to be rotating 
before the back-EMF can be sensed. 

To start the motor, commutations 
are provided by an on-board oscil- 
lator. These commutations are part 
of the start-up scheme, to step the 
motor to generate back-EMF until 
legitimate back-EMF zero crossings 
are detected and normal back-EMF 
sensing commutation is achieved. A 
complete description of the sensing 
technique can be found in the A4941 
data sheet. 

Typical hard disk drive motors 
will have three or four pins for the 
connections to the windings. The 
windings are connected in a star (Y) 
arrangement as shown in the circuit. 
The motors with three pins have the 
start of the windings connected to 
them and the ones with four pins 
also have the common connection 
run out to the additional pin. 
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To determine the motor pin-out, 
measure the resistance between the 
various pins. When you have the 
common terminal, the resistance 
from it to each of the three others 
should be the same. Those motors 
with three wires will still work as the 
IC will generate its own null point if 
the common is not connected. 

By the way, to reverse the direc- 
tion of the motor, swap over the con- 
nections to any two of the windings. 

The maximum motor current is set 
by the 0.4Q resistor on pin 14 of IC1. 
The value of this resistor is equal to 
200mV divided by the maximum 
motor current. The motor current 
is 9V divided by the resistance of 
two motor windings added together. 

Two 100nF charge pump capaci- 
tors at pins 2, 3 & 4 of IC1 provide 
the high voltage for the output stage 
drivers. The FG output at pin 8 of 
IC1 gives a frequency signal related 
to the speed of the motor. 

1C1’s FC (force commutation) pin 
(pin 10) sets the start-up time. The 
time is 50ms when connected to 
+9V, 100ms when connected to 0V 
and 200ms when left open (no con- 
nection). Try different settings if you 
find that the motor is hard to start. 

The slew input, pin 6, enables or 
disables soft switching. It is enabled 
when connected to OV and disable 
when left open. 

To vary the speed of rotation, 
PIC12F683 microcontroller IC2 
is programmed to convert the DC 
voltage from 5kQ potentiometer 
VR1 at pin 7 to a 20kHz pulse width 
modulated (PWM) signal on pin 5. 
This is fed to the PWM input, pin 7, 
of the A4941 (IC1). The PWM duty 
cycle can be varied between zero 
and 100%, depending on the setting 
of the VR1. 

If you can’t make your own PCB 
you will need a 16-pin TSSOP break- 
out board (available from RS Com- 
ponents) to mount the A4941. The 
IC has an exposed thermal pad on 
its base that needs to be soldered to 
an earth plane of at least one square 
inch to dissipate the heat generated. 

To achieve this, when using the 
breakout board, I soldered a piece of 
copper foil onto the IC’s base before 
soldering the device in place. This 
foil was then soldered to a larger 
piece of foil on the PCB containing 
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Lithium battery 


cell equaliser 


While lithium batteries of all 
types have big capacity advantages 
over other rechargeables, it is most 
important that each cell in a bat- 
tery stack is charged up to the same 
voltage. So every lithium cell needs 
an equaliser and while these are 
usually incorporated into lithium 
battery charger controllers, if you 
are making up a battery from indi- 
vidual cells and charging them with 
asimple circuit, you need a separate 
equaliser for each cell, as shown in 
the accompanying circuit. 

In effect, the equaliser is just a 
brute-force shunt regulator. So in 
this case, the battery is charged to 
14.4V and each cell has an accompa- 
nying shunt regulator which limits 
the cell voltage to a maximum of 
about 3.6V. 

Each equaliser comprises a Dar- 
lington-connected transistor pair, 
two silicon diodes and a red LED. It 
works like arugged zener diode, with 
the limit voltage set by the total of 
the forward voltages of the red LED, 


the rest of the components. 
The software, PWMMotorControl. 
hex, is available for download from 


! ! 
| 4.x IDENTICAL CIRCUITS (ONE PER CELL) 


2N3055 


Cc 


the two diodes and the two base- 
emitter junctions of the transistors. 
Note that the forward voltages of both 
the diodes and the transistors will 
be lower than normal (ie, less than 
0.6V) because they operating at quite 
a low current, to give a total of about 
3.6V. If you have lithium cells which 
require a higher end-point voltage, 
add another series silicon diode. 

So to sum up, as the cells begin 
charging, each cell equaliser/shunt 
regulator will have negligible effect 
but as it approaches the limiting 
voltage for its associated cell, the 
equaliser will progressively bypass 
more current around the cell, until 
negligible current is actually going 
into the cell. This shunting action 
will mean that transistor Q2 will 
dissipate a significant amount of 
power, depending the current output 
of the charger. Hence, Q2 may need 
a substantial heatsink. 

For example, if the charger deliv- 
ers 2A, the dissipation in Q2 will 
be 7.2W and four equalisers will 
dissipate around 30W. 

David Francis, 

Kilburn, SA. ($45) 


the SILICON CHIP website. 
Les Kerr, 
Ashby, NSW. ($75) 
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PICAXE-based next 
number display system 


This system is for business owners 
and displays numbers matching the 
last two digits on numbered tickets 
or dockets, to determine the order 
clients or customers will be served. 
This system is suitable for use in 
waiting rooms, service counters and 
in fast-food outlets. 

The design is in two parts: (1) a 
wall-mounted “display unit” with 
multi-tone alarm and jumbo LED 
display; and (2) a desk-mounted 
control unit with a keypad and 
small LED display. Ticket numbers 
between (00) and (99) are supported 
by using 2-digit 7-segment displays. 

Both parts are based on a PICAXE- 
20M2 microcontroller (IC1 & IC2) 
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and they operate in the UHF band us- 
ing pre-assembled 433MHz wireless 
modules. The numbers are transmit- 
ted using eight bytes of Manchester 
encoded data, containing both a 
5-byte “security code” and a 3-byte 
“control code”. The data is transmit- 
ted using the “rfout” command and 
received using the “rfin” command. 

The units may be placed up to 20 
metres apart and do not require any 
interconnecting cable. The program 
notes give more details, in particular 
for changing the default “security 
code”. 

The control unit employs IC1 and 
a ZW-3100 (TX) transmitter module. 
The small 7-segment display is mul- 
tiplexed using transistors Q1 & Q2 
to sink the common cathode pins, 
while seven 100Q current-limiting 








433MHz 
DS | 
MODULE | 


433MHz Tx MODULE 


ANT 
Vec 

DATA 
GND 





resistors di- 
rectly drive 
the anode 
pins. 

The key- 
pad connects to 
the analog input pins 
15-17 of IC1. The program is able 
to detect individual keys using the 
voltage levels present on the resistor 
divider feeding the keypad. Fitting 
a jumper on LK1 will increase the 
number of alarm tones played from 
two to four. 

There are two ways to change 
the displayed numbers. First, you 
can add “one” to the existing num- 
ber by pressing the * key (step) 
followed by the # key (send). 
Alternatively, to select any other 
number, you simply press two 
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number keys (00-99) followed by the 
# key (send). 

Numbers are transmitted by turn- 
ing on output pin 14 of IC1 to power 
the TX module’s Vcc pin, then out- 
put pin13 of IC1 sends Manchester 
encoded data to the Tx module’s 
DAT pin. Each key press is accom- 
panied by a beep from the 3.3kHz 
piezo buzzer on pin 18 of IC1. 

The display unit employs IC2 and 
a ZW-3102 (RX) receiver module. 
The 7-segment display is driven by 
14 microprocessor output pins using 
100 current limiting resistors. 

Display multiplexing was not 
used as the “rfin” command moni- 
toring the RX receiver module’s DAT 
pin prevents the normal display 
scanning process from running. The 
alarm tones are generated in the soft- 
ware and sent to output pin 12 of IC2 
and then to 74HC14 buffer stage IC3 
which drives the capacitor-coupled 
8-ohm loudspeaker. 
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The Manchester encoded data is 
received by the RX module and fed 
to input pin 4 of IC2. The received 
data has the “security code” tested 
before displaying the next number 
and sounding the alarm tones based 
on information in the control code. 

The wireless transmitter and 
receiver modules will each require 
a suitable antenna, the simplest be- 
ing is a length of stiff plastic coated 
hook-up wire 170mm long. Depend- 
ing on the enclosure dimensions, the 
antenna wire may be left straight or 
coiled into a spiral. 

The control unit and display unit 
circuits each employ a transformer- 
based power supply, with both hav- 
ing a 7805 3-terminal regulator while 
the display unit also has a 7905 
3-terminal regulator. The jumbo dis- 
play segments each have four LEDs 
in series (forward voltage drop 8V) 
and this requires the full rail-to-rail 
voltage of 10V DC. 


REG2 7805 


Note that each regulator requires 
a small heatsink (Jaycar HH8502 or 
similar). 

The displays used on the pro- 
totype were ZD1855 (small) and 
ZD1850 (Jumbo) from Jaycar. Other 
types could be substituted but 
the pin numbers may not be the 
same. The ability to directly drive 
the Jumbo displays -was tested by 
continually displaying “88” for 
many hours while checking that the 
microcontroller remained cool and 
operated normally. 

The microcontrollers each have 
ICSP headers for programming, with 
pin 2 as the serial input and pin 19 
as the serial output. Use a special 
PICAXE serial or USB cable and 
download nxcontrol_20m2.basto the 
control unit and nxdisplay_20m2. 
bas to the display unit from the 
SILICON CHIP website. 

Ian Robertson, 

Engadine, NSW. 
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Vintage Ralls 


By lan Batty 





The AWA 897P: Australia’s 


first transistor radio 


ees See 


Designated the model 897P, Australia’s first 






transistor radio was developed by AWA and 
first marketed in November 1957. It uses seven 
transistors, is built onto a metal chassis and 
uses the same Case as its valve predecessor. 


ITH THE centenary of Amalga- 
mated Wireless Association’s 
listing on the Sydney Stock Exchange, 
it seems timely to review their first 
transistor radio. Formed as a result 
of the rivalry between the German 
Telefunken and British Marconi com- 
panies, AWA has been a pioneering 
presence in radio and electronics here 
in Australia and around the world. 
The first chairman, Hugh Deni- 
son, eventually made way for the 
better-known Ernest Fisk. Fisk’s later 
knighthood and towering presence 
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eventually extended to the familiar 
“Fisk Radiola” badges on many of 
the company’s radios and even to the 
naming of the former Imperial Wire- 
less Chain station as “Fiskville”. Fora 
more complete history on this, see the 
Historical Radio Society of Australia’s 
Radio Waves, July 2013. 


Early transistor radios 

Regency (USA) marketed the first 
successful all-transistor radio in 1954, 
designated the TR-1 (SILICON CHIP, 
April 2013). Given the stupendous en- 


gineering task (a learning “cliff” rather 
than a “curve”), AWA’s offering of the 
897P in November 1957 is remarkable. 
The initial offering used a mix of “2N” 
and “OC” transistor types, the latter 
echoing AWA’s early association with 
German company Telefunken. 

The CSIRO had begun investigating 
semiconductors in 1953, initially with 
the assistance of Bell Laboratories. Dr 
Louis Davies had spent six weeks at 
Bell Labs and came back from the US 
armed with two essential precursors 
to making transistors: the technolo- 
gies for purifying germanium and for 
growing single crystals of germanium. 

A subsequent symposium attracted 
the attention of industry, rather as the 
original Bell Labs seminars had in the 
USA. Although all the “big four” Aus- 
tralian companies attended, it was the 
work of Ted Watt and Henry Banks that 
led to AWA starting local production 
in 1958. Watt and Banks had attended 
an engineering “apprenticeship” at 
RCA and their efforts were pivotal in 
AWA’s entry to the local market. 

The 897P transistor radio used an 
existing valve portable case design 
from the model 581P2Z. Like many sets 
of the era, it also used a pressed and 
punched metal chassis and the parts 
were all installed by hand. It’s quite 
similar the RCA Victor Transistor Sev- 
en, even down to the 2-gang volume 
control (the RCA set was described in 
the October 1956 issue of Radio, TV 
and Hobbies). 


Two restorations 

This article summarises two restora- 
tions, as I was very generously loaned a 
number of 897 variants by the HRSA’s 
Ray Gillett. And while on the subject 
of variants, the original 897P used 
RCA 2N219 (converter) and 2N218 
transistors in the RF/IF section and 
Telefunken OC602/604 types in the 
audio stages. By contrast, the later 
897PX/PY/PZ used all RCA types, 
with 2N408 & 2N270 types now in 
the audio amplifier. These are all 
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GENERAL NOTES: RF voltages 30 % modulated, 400 Hz, audio 1 kHz, all 50 mW output. Resistances in ohms unless k = x1000, all + 10% unless otherwise. 


Drawn: lan Charles Batty, 05/07/2014 
Capacitances: whole numbers! p = picofarads, n = nanofarads, \: = microfarads. DC voltages with VTVM, no signal, thus (S) except max signal thus > RF/Audio signal injections thus |__| 


Fig.1: AWA 897P is a 7-transistor superhet design with 455kHz IF stages. Transistor VT1 is the converter stage, VT2 
& VT3 are IF amplifier stages, VT4 is an audio preamplifier, VT5 an audio driver stage and VT6 & VT7 function as a 


push-pull output stage. 


“second generation” alloyed-junction 
types. 


The 897P: first look 


As stated, AWA’s 897P uses a press- 
ed and punched metal chassis just 
like the Bush TR82C (SILICON CHIP, 
September 2013). It uses seven tran- 
sistors, five of which are fitted into 
chassis-mounted rubber grommets 
with their leads then wired to adjacent 
solder tags. 

By contrast, the two output transis- 
tors are held in heatsink clips which 
are screw-mounted on the underside of 
the chassis. This differs from the later 
PX, PY & PZ models which (strangely) 
also have their output transistors 
mounted in rubber grommets, defeat- 
ing any possibility of heatsinking. 

Unfortunately, the grommet-mount- 
ing technique means that the transis- 
tor leads are underneath the chassis. 
This means that unless the chassis is 
removed, the only circuit access, either 
for measurement or signal injection, is 
at the aerial coil, the volume control 
and speaker terminals. 

As shown in the photos, the chassis 
is mounted in a substantial leather case, 
with the wrap-around shell closed off 
by stitched-on ends. The front dial 
turns easily with a direct drive. It sits 
within the front escutcheon which 
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also contains the speaker grille. The 
volume/power switch is mounted on 
the righthand end of the set. 


897P circuit details 


Fig.1 shows the circuit details of the 
AWA 897P. Many of its components 
were common to the valve era and 
apart from the the transistors and the 
low-voltage electrolytic capacitors, 
they appear much the same as those 
found in portable battery valve sets. 

Some models use the classic Philips 
tuning gang with rounded edges on its 
frame, brass plates and identical aerial 
and oscillator sections. The 897P and 
897PY models use gangs with 445pF 
per section and a 470pF padder, while 
the 897PZ and 897PX models use 
385pF sections and a 420pF padder. 
There are also minor mechanical dif- 
ferences, with the 897PZ and 897PX 
models using a different dial scale. 

The circuit itself is a fairly conven- 
tional 7-transistor superhet design. 
The RF signal is picked up by antenna 
rod T1 and tuned by C3, one section of 
the tuning gang. The other section, C4, 
tunes the local oscillator. The tuned RF 
signal is then fed to the base of PNP 
transistor VT1 via coil T2. 

VT1,a2N219, is the converter stage 
(ie, a combined local oscillator and 
mixer) and this uses collector-base 


feedback (ie, via T3’s tuned primary 
and a tapping on T2’s primary) to 
maintain oscillation. While this works 
reliably, it does increase the amount 
of local oscillator (LO) radiation back 
out through the antenna rod. 

The mixer’s output feeds the pri- 
mary of the first IF transformer (T3). 
This uses a tapped secondary winding 
to match into the low base impedance 
of the first IF amplifier. 

The two following IF transformers 
use tapped primaries and secondaries, 
with VT2 & VT3 (both 2N218 transis- 
tors) functioning as IF amplifiers. 

The two IF amplifiers operate simi- 
larly to those in most other sets. AGC 
action is applied to the first IF amplifier 
stage (VT2) alone, reducing base bias 
and thus the total collector current 
on strong signals. In common with 
other designs, reducing the collector 
current reduces current gain and thus 
the stage gain. 

The applied AGC voltage (at VT2’s 
base) is quite small, with the base bias 
dropping by only about 70mV at full 
signal. This is much less than in many 
other sets and is due to the voltage 
divider connected to VT2’s emitter. 

Instead of allowing the emitter volt- 
age to also drop with incoming AGC 
(and thus “softening” the response 
somewhat like a remote cut-off valve), 
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chassis. Transistors VT1-VT5 were mounted by pushing them into rubber 


grommets from underneath the chassis. 
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Unlike VT1-VT5, the two OC604 transistors used in the push-pull output stage - 





(VT6 & VT7) were attached to the underside of the chassis using metal clamps. 
Note the point-to-point wiring technique used to assemble the circuit. 


VT2’s emitter voltage is held nearly 
constant. This allows the 70mV drop 
in base voltage to take VT2 from its 
normal forward-bias value of around 
130mV down to virtual cut-off at 
90mV, much like a sharp cut-off valve 
characteristic. So because of the emit- 
ter voltage divider, don’t expect to 
measure signal strength by the fall in 
VT2’s emitter voltage. 

The second IF stage operates with 
fixed bias (as usual). Note that both IF 
amplifiers are neutralised (using C12 
& C17) to prevent instability due to 
collector-base feedback. 

The demodulator uses a conven- 
tional diode (MR1) and this feeds 
audio to volume control R16. It also 
feeds a DC voltage back into the bias 
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network for the first IF amplifier, in 
common with other designs. Stronger 
signals reduce the bias on the first IF, 
thus controlling its gain. As with all 
AGC systems, the net effect is to keep 
the audio signal fairly constant with 
varying RF signal strengths. 


Audio stages 

The 897P uses three audio stages: 
preamplifier stage VT4, driver stage 
VT5 and a Class-B push-pull output 
stage based on VT6 & VT7. In com- 
mon with the Raytheon T-2500 and 
the Bush TR82 radios, the audio sec- 
tion uses transformer coupling. While 
this adds complexity and potentially 
reduces both high-frequency and low- 
frequency audio response, transformer 





coupling gives optimal power gain and 
thus improves sensitivity. 

As an aside, this design choice im- 
plies that the set’s RF/IF gain was less 
than optimal and that the deficiency 
was compensated for in the audio 
section. 

The biasing in the audio preampli- 
fier and driver stages is similar to that 
used in the IF amplifiers and works 
identically. However, larger emitter 
bypass capacitors are used so that they 
are effective at audio frequencies. 

The set is unusual in using a 2-gang 
volume control and the “original” 
897P model is readily identified by 
this feature and the use of “OC” series 
transistors in the audio section. But 
why use a 2-gang volume control? The 
articles in the HRSA’s Radio Waves for 
July 2013 give two possible reasons: 
(1) to prevent overloading and break- 
through at low volume with strong 
signals and (2) to reduce the effects of 
preamplifier noise. 

So which of the two is correct, or 
are they both correct? Well, bypassing 
the second volume control pot (R22) 
still resulted in effective control but 
made the set noisy at low volume. 
On the other hand, reinstating R22 
and bypassing R16 solved the noise 
problem but caused serious audio clip- 
ping and distortion on strong signals. 
So the answer is that both of the pos- 
sible reasons given for using a 2-gang 
volume control are correct. 

The output stage uses a conven- 
tional transformer-coupled Class-B 
push-pull circuit based on VT6 & VT7. 
As in the Bush TR82C, feedback is ap- 
plied from the speaker to each output 
transistor’s emitter terminal. 

In addition, the output stage uses a 
voltage divider to give about 160mV 
of base bias to each output transistor. 
In common with other Australian 
designs, the lower end of this divider 
includes a 130 NTC thermistor (ie, 
its resistance falls as the temperature 
increases). 

The combined effect of the ther- 
mistor and transistor characteristics 
ensures a fairly constant collector 
current in the output stage, regard- 
less of temperature. This arrangement 
minimises crossover distortion and 
protects the output transistors from 
thermal runaway (due to increasing 
current), thereby saving them from 
damage due to overheating. 

The output stage drives a large 5 x 
7-inch oval speaker, which gives good 
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This internal view of Telefunken’s 
OC604Spez transistor shows the metal 
half-cyclinder (at top) that was used 
for heatsinking. 


efficiency and volume. Power came 
from a single Eveready 276P 9V bat- 
tery and this was capable of powering 
the set for some 300-plus hours with 
normal use. 


The OC604Spez 


The most obvious difference be- 
tween the 897P and its successors 
is its use of Telefunken “OC” series 
audio transistors. Both the OC602 
small-signal and OC604 output types 
use glass encapsulation. This glass 
encapsulation provides the hermetic 
seal that’s vital for germanium devices 
but it impedes heat dissipation. 

Telefunken’s answer to this was 
the OC604Spez(ial) transistor, a glass- 
encapsulated type with internal heat- 
sinking that allows it to deliver up to 
500mW froma 6V supply. As shown in 
the above photo, the heatsink consists 
of a metal half-cylinder that’s attached 
to the base slice (the “Germanium- 
plattchen”). 


879PX/PY/PZ differences 


By contrast, the PX/PY/PZ models 
use RCA-derived 2N408 transistors for 
the audio preamp and driver stages 
and 2N270 types for the push-pull out- 
put stage. Despite this, these variants 
perform similarly to the 897P. 

Apart from that, they’re recognisable 
because they also have their output 
transistors mounted in grommets. The 
other visible difference is the 897P’s 
use of a Philips-style tuning gang with 
rounded corners in its frame compared 
to the more common square-cornered 


types. 


Restoring an 879PX 


As it came to me, the 897PX set had 
a “scratchy” volume control pot and 
there was no audio output. A quick 
check of the DC voltages revealed 
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that all was OK in this department 
so the capacitors THEN came under 
suspicion. I needed many millivolts 
of signal at the volume control to get 
even a “squeak” of output and further 
checks showed that coupling capacitor 
C26 (20uF) was open-circuit, as was its 
companion G23. 

Replacing both these capacitors im- 
mediately brought the set to life. Fur- 
ther checks then revealed that it had 
an audio sensitivity of about 200nV for 
50mW of output, which is excellent. 


Audio response? 

What about the audio response? In 
a word, it was “rubbish” with a re- 
sponse of only about 190Hz to 1.3kHz. 
That just had to be wrong. My chief 
suspects were the two top-cut capaci- 
tors, ie, C28 (10nF) across the driver 
transformer’s primary and C30 (100nF) 
across the output transformer’s pri- 
mary. De-soldering both dramatically 
increased the high-frequency response 
of the audio stages to 13kHz. 

Replacing both capacitors restricted 
the response to 2kHz. This was quite 
acceptable, especially given the RF/IF 
section’s bandwidth of about +1.7kHz. 
As an aside, removing C28 extended 
the frequency response to about 6kHz 
but worsened the set’s weak-signal 
noise figure by over 3dB. So it appears 
that the heavy “top-cut” technique was 
a quick-and-dirty way to improve the 
subjective performance. 

One thing of note is that this set has 
an unused connection on the ferrite 
rod. It turned out to be an “aerial ter- 
minal” tap on the tuned winding and 
provided a convenient direct signal 
injection point for testing. 


Now for the 897P 


When I obtained the 897P, I found 
an envelope containing a paper inside 
the case headed “Freddy’s Hire Pur- 
chase Contract for AWA Tranny 24- 
12-1957”. This was proof positive that 
this set was indeed made in 1957. The 
contract, with Industrial Acceptance 
Corporation, shows a total amount 
payable of £52 13s or about $105.30 
before adjusting for inflation. 

In today’s money, after inflation 
is taken into account, that’s about 
$1500 — double the cost of a high-end 
smartphone. The purchaser was obli- 
gated to pay off the set over a period 
of 19 months. 

Cosmetically, my 897P came to me 
with its leather case in poor condition. 
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These two photos show sections of the 897PZ chassis. Unlike the 897P, this 


model used 2N270 output transistors which were mounted in grommets, just 
like VT1-VT5. The other visible difference is the 897PZ’s use of a “non-Philips” 


tuning gang with square edges. 


The leather was dull, though not badly 
scratched, and the stitching on one of 
the end cheeks had degraded, allowing 
the end to detach. 

The case would have been machine- 
stitched during manufacture but I was 
able to locate hemp cord at a local craft 
shop of the same thickness as the origi- 
nal. After removing the original thread, 
I was able to counter-stitch and restore 
the case to its original appearance. 

Electrically, the set was completely 
dead, apart from an audible turn-on/ 
turn-off “click”. The reason for this 
wasn’t hard to determine — audio 
transformer T7 had an open-circuit 
primary. This was rather odd since it’s 
a low-voltage, low-power item. 

Replacing this transformer with 
a similar inter-stage transformer re- 
stored the set to life. 


How good is it? 

As noted above, the frequency re- 
sponse is around 190-1900Hz from 
the volume control to the speaker and 
around 210-1600Hz from the antenna 
to the speaker. Removing that pesky 
10nF top-cut capacitor (C28) from 
VT5’s collector extended the response 
to around 2.6kHz, and the difference 
in quality was quite noticeable. 

The audio performance was other- 
wise quite good: at 10mW output and 
400 Hz, the total harmonic distortion 
was just 2%, while at 50mW, the dis- 
tortion was about 3.3%. This rises to 
around 8% as the set just begins clip- 
ping at 220mW output and is 12% for 
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250mW. Removing the output stage’s 
feedback gave a worst-case figure of 
8% distortion at just 50mW output. 

The Pye Jetliner transistor radio 
described in the September 2014 issue 
has a diode-biased output stage and 
was able to maintain low distortion 
down to 50% battery voltage, with 
little evidence of crossover distortion. 
By contrast, the 897 is unable to cope 
nearly as well with falling battery 
voltage because it uses voltage-divider 
biasing. As a result, it gives audible 
crossover distortion when the sup- 
ply is down to 5V. At this voltage, it 
clipped at an output of just 50mW. 

The 897’s selectivity is +13kHz at 
60dB down, reflecting the presence 
of three double-tuned IF transformers. 
Although the 897, like the TR82C, uses 
four audio stages, the 897’s design fails 
to exceed the TR82C’s performance, 
achieving 250u V/metre at 600 kHz and 
150nV/m at 1400kHz with the volume 
control adjusted for a signal-to-noise 
ratio (S/N) of 20dB. 

At full gain, the model 897 achieved 
125uV/m at 1400kHz with an S/N of 
17dB (note: all inputs are for 50mW 
output and 30% modulated at 400Hz). 
Given that Bush’s TR82C is a later de- 
sign using alloy-diffused AF116/117 
transistors in the RF/IF section, the 897 
(which uses alloy-junction transistors) 
performs quite well, especially as it 
was AWA’s first transistor radio. 

The AGC control is average and a 
26dB signal increase from 60yV to 
1200uV at the aerial terminal gives a 


6dB increase in the audio output. The 
only reservation is that this set went 
into violent oscillation with a radiated 
signal strength much above 30mV/m. 

Graham Moore (Radio Waves, July 
2013) notes the “sharp cut-off” char- 
acteristics of a transistor AGC circuit 
and the 897, with its emitter tied to 
about 0.47V by voltage divider R8 & 
R9, certainly exhibits this. 

By contrast, most sets use a single 
emitter resistor to ground, allowing 
something closer to a medium/remote 
cut-off. With an IF stage gain of about 
30dB, applying AGC only to the first IF 
can’t reduce the stage gain by any more 
than 30dB before the transistor is left 
with virtually zero collector current. 

Basically, in order to achieve greater 
AGC range, the converter must also be 
controlled, either by using an auxiliary 
diode circuit as in the Pye Jetliner or 
by applying AGC to a mixer that’s fed 
by a separate local oscillator. 


The 4-valve predecessor 

When I dusted off a somewhat 
sorry-looking 4-valve AWA 581PZ 
and applied power, I was rewarded 
with absolute silence. I’ll leave its 
restoration details for another article. 
However, when I did eventually get it 
working, the 581PZ (which looks just 
like the 897P) hada sensitivity of about 
360uV/m at 600kHz and 250nV/m at 
1400kHz. 

So the 897 appears to have roughly 
double the sensitivity. In practical 
terms though, the two sets would 
have almost identical performance 
except on the lab bench. I expect that 
the 581PZ’s audio performance (out- 
put power, distortion and frequency 
response) will be similar to that of its 
all-transistor 897 successor. 
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Further reading 

(1) For a more complete history of 
AWA, see Radio Waves, July 2013. 

(2) For more detail on the 897P, see 
the July 2013 Radio Waves articles by 
Graham Moore and Jan Malcolm. 

(3) For more detail on early Austral- 
ian transistor manufacture, see Mark 
P. D. Burgess’ article — go to https:// 
sites. google.com/site/transistorhistory/ 
and navigate to Australian semicon- 
ductor manufacturers. sc 
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This updated version of Keysight’s midrange scope adds a number 
of new features, including a touch-screen, without a price increase. 
Nor is there any need to return the unit to a service centre to 
upgrade the bandwidth all the way from 100MHz to 1GHz. 


S YOU MAY have noticed, Agi- 

lent’s test equipment division has 
now been renamed to Keysight. So 
this unit is the immediate successor 
to the 3000A-series scope that we re- 
viewed in the April 2011 issue. That 
unit dramatically raised scope perfor- 
mance within the budget of advanced 
hobbyists, educational institutions 
and freshly minted engineers. By that 
we primarily refer to its astounding 
waveform update rate of one million 
per second. When the 3000A-series 
was launched, a typical competitor 
had an update rate of around 10,000 
per second. 
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The new 3000T-series has the same 
specification and still leads its class, 
although not by as much as the 3000A 
did in 2011; its appearance forced com- 
petitors to “lift their game”, so to speak. 
Even so, Keysight’s “MegaZoom IV” 
ASIC (application specific integrated 
circuit) technology has kept them in 
the lead. So even though this is an up- 
date to ascope released three years ago, 
it’s still state-of-the-art. The additional 
features only serve to sweeten the deal. 


Hardware upgrades 


While the most obvious change with 
the 3000T is the touch screen, there 


are quite a few other improvements. 
Sampling rate for all bandwidths is 
now 5GHz compared to 4GHz for the 
3000A (except for the 1GHz model) 
and 4Mpoints segment memory is now 
standard rather than being an extra- 
cost option. 

All models come with 500MHz pas- 
sive probes. This makes it easier to 
upgrade the bandwidth via software 
key; otherwise you would need to buy 
new probes. The logic analyser cable 
has also been improved, now being 
thinner, lighter and more flexible, so 
it’s easier to work with. 

Timebase stability is now 1.6ppm 
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Fig.1: this demonstrates the display of eight different measurements at the right 
side of the screen. The touch-screen controls to drag the measurements around 
and access other displays on the sidebar are visible above them. Here the new 
FFT mode (now separate from “math”) is enabled. 
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Acquisition 
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Fig.2: thanks to the touch-screen, it’s now possible to input figures such as signal 
generator frequency using an on-screen numeric keypad. 


compared to 25ppm for the older 
model and the calibration period is 
three years rather than two. 


Software improvements 


There are many software improve- 
ments in the new model. Our favourite 
is that you can now turn off the chan- 
nel information in the sidebar, making 
room for up to eight measurements at 
a time. Hallelujah! See Fig.1. 

Since there is now a touch-screen, 
that means an alphanumeric keypad 
can be used for entering values such as 
waveform generator output frequency 
(see Fig.2). This is a great feature. It also 
allows for zone-based triggering; you 
draw a box on the screen and it will 
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trigger whenever the waveform crosses 
into that box. This is quite handy for 
searching for occasional out-of-spec 
signal glitches. 

The “Advanced math” option now 
comes as standard — another money 
saver and quite a useful feature. Also, 
the built-in counter (which can be used 
for accurate frequency measurements 
etc) has eight digits rather than five. 

Some of the major software improve- 
ments have been made to the spectral 
analysis (FFT function). This function 
now has a dedicated front-panel button 
and can be enabled simultaneously 
with one of the “math” options, where- 
as before you could have only one or 
the other. The FFT display is now cor- 


related with the time domain, so that as 
you scroll through the traces, the FFT 
display updates to show the spectrum 
of the data visible on the screen. 

This is a feature previously seen 
mainly in “Mixed Domain Oscillo- 
scopes”. While this FFT feature does 
not quite have the performance you get 
with an MDO or dedicated spectrum 
analyser, itis one step closer and much 
more useful than the FFT function in 
most scopes. Its dynamic range can 
exceed 70dB, depending on how the 
data is being sampled. 

The FFT now has a peak search fea- 
ture, akin to the cursors on a spectrum 
analyser and will display a list of the 
peaks with their frequency and power. 
It can also do averaging on the spectral 
data (a common feature in spectrum 
analysers but not scopes) as well as 
minimum/maximum hold. 

The serial protocol decoding options 
have been expanded, adding three new 
automotive protocols to its already 
extensive list: CAN-FD (CAN with 
flexible data rate), CAN-dbc (CAN with 
symbolic triggering and decoding) and 
SAE J2716 SENTbus. 

The scope’s user interface has been 
revamped to take advantage of the 
touch-screen, although you can still 
perform all the functions without it if 
desired (there’s even a button to disable 
it). These changes include the ability 
to drag various controls and displays 
out to their own “window”, suchas the 
DVM readout, measurements, channel 
summary, numeric keypad etc. 

Given the relatively limited screen 
space and the fact that most of it is tak- 
en up by the graticule, in our opinion 
this is not that useful although there 
are occasions where we would use it. 


Features 


Our April 2011 review was specifi- 
cally on the MSO-X 2024A although 
we did cover the MSO-X 3000A-series 
which was launched simultaneously 
and which had many similarities. 

Both the MSO-X 2000A and 3000A 
series (including the new 3000T) can 
be had with either two or four analog 
channels, with or without a logic 
analyser and with bandwidths from 
100MHz up to 500MHz and 1GHz 
respectively. The base models (ie, 
2-channel 100MHz) are quite afford- 
able and since they can be upgraded 
later, give purchasers both an attractive 
starting price and an upgrade path. 

The bandwidth can be upgraded at 
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any time and the cost is now just the 
difference in price between the two 
models. The logic analyser (ie, digital 
inputs) can also be added to non-MSO 
models. However, two-channel models 
can not be upgraded to four channels 
so that is a decision that must be made 
up-front. There are also many software 
options that can be added to the scope 
later, including the single-channel 
arbitrary waveform generator. 

The main differences between the 
2000-series and 3000-series are wave- 
form update rate (50k/sec vs 1M/sec), 
number of logic analyser channels (8 
vs 16), sampling rate (2GS/sec vs 5GS/ 
sec), maximum bandwidth (500MHz 
vs 1GHz) and some software options 
are only available on the 3000-series. 

The 3000A-series scopes are still 
available but there’s no point in buying 
one any more since the 3000T has all 
the same features and more. 


Impressions 

Overall, the MSO-X 3104T is a joy 
to use. Its interface is responsive and 
the fast update rate is very noticeable. 
This is especially true if you have av- 
eraging enabled as the fast acquisition 
rate means that enough waveforms are 
captured to update the average after 
a change in timebase, so that it stabi- 
lises very quickly. While the screen 
isn’t as large as higher-end scopes, it’s 
sufficiently large that it doesn’t feel 
cramped and the graduated intensity 
display gives an excellent picture, 
especially for smooth waveforms (ie, 
with little noise). 

The controls are generally intuitive, 
with separate vertical controls for each 
channel plus six soft buttons below the 
screen to control most functions, in 
combination with the dedicated mode 
buttons. Overall it is an improvement 
compared to earlier Agilent DSO mod- 
els and is among the more logically 
laid-out scope interfaces we’ve used. 

The front panel button layout on the 
3104T has been changed only slightly 
compared to the 3000A-series, with the 
Serial button function replaced by FFT, 
an added illuminated “Zone” button 
above the general purpose knob and 
an added illuminated “Touch” button 
to enable/disable the touch-screen. 

If we look hard for something to 
criticise, while maximum vertical 
sensitivity is slightly better than aver- 
age at 4mV/div (5mV/div being quite 
typical), there are now low-cost DSOs 
available which will do 1mV/div or 
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The rear panel of the demo unit, which was supplied with the optional LAN & 
VGA interface module installed. Besides this, the only connectors are the mains 
input, USB host & device ports and BNC external trigger inputs and outputs. 
There’s also a Kensington lock and calibration access hole. 
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even 500nV/div. While this sort of 
sensitivity isn’t often called for, it is 
handy to have. Sometimes when we’re 
probing for low level signals (eg, from 
a microphone) we have to resort to 
using 1:1 probes and even then, there 
are times when more sensitivity would 
be worthwhile. 

We should point out that while this 
scope does have 2mV/div and 1mV/ 
div settings, they are just a “software 
zoom” on the 4mV/div signal. Perhaps 
Keysight would have had difficulty 
getting such sensitivity with the higher 
bandwidths and this would have sig- 
nificantly increased the unit cost. But 
we hope to see a larger range of input 
sensitivity in future models. 


Conclusion 


I was so impressed with the 3000-se- 
ries scopes after our 2011 review that 
I subsequently purchased an MSO-X 
3024A for use at home (although it 
spends most of its time at our office!). 
The MSO-X 3000T-series is even bet- 
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Fig.3: the new Event 
Lister, at right, shows 
the time stamps 

of events such as 
trigger locations 

in the waveform 
record, along with 
triangles showing 
their positions at the 
top of the graticule. 
A similar lister is 
available for showing 
spectral peaks when 
FFT mode is enabled. 


ter again; I wish it had been available 
at the time so I could have gotten all 
these extra features but I don’t regret 
the purchase! 

Despite the intervening four years, 
the situation hasn’t changed; these 
scopes still offer the best bang-for- 
your-buck in their segment with a 
combination of ease of use, very high 
performance, upgradeability, a suite 
of great software options and a good 
starting price. Yes, you can buy a de- 
cent mixed signal scope for well under 
$1000 these days but it won’t come 
close to matching the performance of 
the Keysight offerings. 

Prices for the DSO-X/MSO-X 3000- 
AT series range from $3759 + GST 
(DSOX3012T; 100MHz, two analog 
channels) to $17281+GST (MSOX- 
3104T; 1GHz, four analog + 16 digital 
channels). For enquiries or to purchase 
a scope, contact Trio Test & Measure- 
ment at sales@triotest.com.au, visit 
www.triotest.com.au or phone 1300 
853 407. SC 
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ASK SILICON CHIP 


Got a technical problem? Can’t understand a piece of jargon or some technical principle? Drop us a line 
and we'll answer your question. Send your email to sili ili i r 





Remote volume control 


project is obsolete 

I bought the Remote Volume Control 
for HiFi systems kit (SILICON CHIP, May 
& June 1993) from Jaycar 18 years ago 
and if it’s not still available I’d like to 
get the notes anyway! Please advise if 
the kit is still available or if any circuit 
info can be found. (R. Q., via email). 
@ The kit is no longer available and 
we suspect you'll find it difficult to get 
many of the parts. We’ve published 
a more recent digital volume control 
design, the Remote Volume Control & 
Preamplifier Module, in the February 
and March 2007 issues. It uses more 
modern parts but even those are be- 
coming difficult to get. 

Our more recent volume control 
projects have used motorised pots 
which readers seem to prefer. 

The original articles can be pur- 
chased from SILICON CHIP. 


Car or boat 


computer project 

I would like to build the GPS Car 
Computer project (SILICON CHIP, 
January & February 2010) which was 
marketed as kit K1133 by Altronics but 
is now discontinued. Alternatively, 


I don’t mind adopting the Boat GPS 
computer (SILICON CHIP, October 2010) 
which is available as kit K1143 from 
Altronics but the hurdle I am facing is 
the need to preset a determined speed 
for alarms and for the speed to be dis- 
played in km/h rather than knots. (P. 
O., via email). 

© Good idea. The circuits for the GPS 
Car Computer and GPS Boat Computer 
are very similar. You could build the 
Boat Computer kit, make a few small 
component modifications (if neces- 
sary) and reprogram the chip with the 
software for the Car Computer. If you 
can’t reprogram it, you can send it to us 
and pay $10 to have it re-programmed 
and posted back to you. Or you can 
buy a new chip from us, already pro- 
grammed for $15 + postage. 


Phone dialler for 


burglar alarms 

Back in April 2003 I built the Bur- 
glar alarm dialler and it worked well. 
I have now resurrected it to act as an 
alarm for my wife who is an invalid 
and sometimes falls from her wheel- 
chair. I am triggering the alarm with 
a remote doorbell. The pushbutton 
is around her neck and the speaker 
output is connected to the alarm input 


with DIP switches S1/3 and S1/2 in 
the closed position. 

This works well and when triggered 
rings my mobile phone and then there 
is the problem that unless I answer the 
phone the alarm does not reset, as I 
understand it. Of course it only needs 
to operate once and I come straight 
home if I am local or get someone to 
assist her, ambulance etc. Is there a 
way that I can fit a switch to reset the 
alarm when I want to and can you also 
suggest a way to connect the doorbell 
to the power supply as Iam using two 
batteries at the moment? I am loath to 
rely on the alarm too much at present 
which means that I cannot leave her 
alone. 

And just recently, after my wife 
came home from hospital, I discov- 
ered that the unit no longer worked. 
Thinking that possibly the PIC may 
have lost its memory I purchased a 
new programmed chip from SILICON 
Cup, fitted it and then I found that 
Windows 7 did not have the Hyperter- 
minal program installed. According to 
Microsoft, Vista or XP were the last to 
have it, therefore I could not program 
the new PIC chip or check the old 
PIC chip. I have tried the Hilgraeve 
Hyperterminal for Windows 7 but I 
could not get it to work. 


Furby Motor Is Conventional Permanent|Magnet Type 


I’m curious to know if the motor 
in the classic Furby from 1998 to 
2000 is a magnetic one. | can’t find 
any information on the sprung cop- 
per leaves that transfer power to the 
commutator. If the parts are spring- 
loaded, perhaps the copper leaves 
come in contact with it in the same 
way brushes do. 

Also, it’s interesting that the con- 
ductive grease used makes the classic 
Furby smell “electrical” (he smells 
of wires). I learned that this “wiry” 
odour is known as an “electric mo- 
tor” smell which occurs if the toy 
has been operating continuously 
for awhile. Perhaps this conductive 
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grease gets sticky over time which 
might explain why older Furbys have 
trouble starting up. 

Once a Furby of mine smelled 
of a chemical plastic odour from a 
prolonged jam caused by the eye 
mechanisms freezing. Luckily, he 
only got slightly warm around the 
motor and nothing was damaged. Is 
this what happens in all jams with 
a hum? (B. C., via email). 

@ All electric motors work by the 
interaction of magnetic fields. And 
yes, a Furby has an electric motor. 
It has a permanent magnet field and 
brushes and a commutator to feed 
the current to the rotating armature. 


We published an article entitled 
“Inside a Furby” in our May 2000 
issue. Most small electric motors will 
give an “electric motor” smell which 
is partly due to the sparking between 
the brushes and commutator. This 
sparking generates some ozone and 
also causes carbonisation of any lu- 
bricant close the commutator. 

Also, heat in the motor coils causes 
the wiring insulation (varnish) to 
contribute to the electric motor 
smell. When a motor is stalled, it will 
hum (due to the magnetic field) and 
if the stalling continues, the motor 
often burns out, the wiring varnish is 
vaporised and it certainly does stink. 
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Is there any other way I can program 
this PIC? Or can you assist me in any 
way to get this device up and running 
again as I can’t leave my wife alone at 
present in case a problem arises? (N. 
B., via email). 

@ The PIC16F84 is a very old micro 
and does seem to lose its EEPROM 
memory so you are right in first repro- 
gramming the settings via the terminal. 
This hyperterminal client is supposed 
to work on Windows 7 and it has de- 
tails on how to install it. See http:// 


digitizor.com/2009/08/29/how-to-in- 
stall-the-winxp-hyperterminal-client- 
on-windows-vista-or-windows-7-free/ 

There does not appear to be any 
way to reset the alarm without ringing 
back. Neither automatic nor manual 
modes allow for this. However, it 
should be possible to have a power 
switch that you can add to power off 
the alarm (ie, switch off the 5V to IC1 
for a second or so and then re-power 
it so that the alarm is reset due to a 
power-up reset. Alternatively, you can 
momentarily connect pin 4 of IC1 to 
ground to reset it. 

With respect to powering the door- 
bell, since it runs on about 3V, you 
could run it from the 5V supply by 
using a string of three diodes in series 
to drop the 5V down to about 3V. 


Hiccup in understanding 
Burp Charger 


I have just built the Burp Charger 
from the March 2014 edition using a kit 
from Jaycar. Having just read through 
the article again, it does not detail how 
you turn the burp function on. Is DIP 
switch 4 to be turned ON for the Burp 
function? There are some setup tables 
in the Jaycar printout at the end which 
seem to indicate that DIP switch 4 is 
the Burp function. (F. W., via email). 
@ Yes, it is DIP switch S4 that needs 
to be on (closed) for Burp charging. 
Refer to the table for switch S2 in the 
circuit and also in the specifications 
section under Burp discharge. 


Temperature switch 
has drift 


I have built up the High Range Ad- 
justable Temperature Switch with LCD 
(SILICON CHIP, May 2012) but I find it 
drifts overnight by 6-8°C. I am using it 
in an oven on a boat that we are living 
on full time. 

You may think, so how is the drift 
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I would like to enquire about one 
of my passions — the restoration of 
“golden era” Victa 2-stroke motor 
mowers. I realise this may not be 
very well received judging by some 
of the letters and Publisher’s Letters 
of late, but here goes. The golden 
era of Australia’s own Victa mow- 
ers extends, in my opinion, from 
the mid-1960s to the end of the full 
crank series 70/80 engines in 1984 
when Victa introduced the half 
crank Power Torque engines. 

Most of those early engines used 
the normal points/condenser/igni- 
tion coil flywheel magneto system 
that has proven very reliable over 
the years. Towards the end of this 
era, some models were fitted with 
a 2-terminal “electronic ignition 
module” that replaced the points 
and condenser completely but re- 
tained the same coil and flywheel 
magnets. The module has only two 
terminals, one going to earth (the 
metal case) with one side of the coil 
primary winding and the other going 
to the “live” side of the coil primary 
winding. The “kill” switch wire is 
also connected here and shorts it to 
earth to stop the engine. 

It would be interesting to know 
what this device is and how it knows 
what the timing is without the points 
to trigger/break the primary circuit 
at the correct time etc. These devices 
are available to buy from spare parts 
stockists but it would be interesting 
to know what the device is and if it 
is a stock standard electronic part, 
only encapsulated in a metal case. 
It is possible to convert an engine 


going to affect baking? Well, it will not 
in the scheme of things but when the 
oven is not used the readout should 
reflect the actual cold temperature 
(of the oven). So overnight as the air 
temperature drops, the readout goes 
up. I have tried a wire short across 
the input to read the ambient so as to 
eliminate the thermocouple and we 
still get this change, though it is not 
as great. (I. N., via email). 

@ Check that REF1 and REF2 give the 
required 2.49V (measured between TP 
GND and TP2 for REF2 and between 
TP2 and TP1 for REF1). Also note 
that if using the LED display module, 


with points and condenser to this 
system by rewiring and removing the 
condenser and points completely, 
making it, arguably, more reliable 
still? Any information will be gladly 
received. (P. C., via email). 

@ As far as we are aware, the elec- 
tronic module acts as a direct points 
replacement. Instead of the points 
being opened via a cam, the module 
would be triggered by the flywheel 
magnets to drive probably a transis- 
tor that would be conducting unless 
triggered to cause the transistor to 
momentarily switch off (go open as 
in points). The magneto generates a 
high voltage to charge the coil and 
fires when the transistor (or original 
points) open. 

Whether the module will work 
correctly or at the right firing point 
may depend on the magneto’s mag- 
net positioning and trigger polarity 
required for the module (ie, whether 
triggered on a north or south magnet 
pole). 

The kill switch when closed shorts 
the live side of the coil’s primary 
to ground, preventing the magneto 
charging the coil. That is the same 
as having the points or module 
transistor remaining in conduction 
or closed. 

Inside the electronic module 
would be some form of magnetic trig- 
ger (Hall Effect device) or coil. That 
signal would be used to momentarily 
open the conducting transistor by 
pulling its base to ground — see www. 
mowersgalore.com.au/spare-parts/ 


mower-parts/electrical/coils-and- 
accessories/victa/ 











the temperature from the regulator 
will be read by IC1, the cold junction 
compensation component. The LCD 
module draws much less current and 
so this will not cause REG1 to run hot. 


Frequency switch for a 
one-cylinder engine 

I have built the Frequency Switch 
project (SILICON CHIP, June 2007) and 
I want to use it to switch at a prede- 
termined RPM on a single-cylinder 
engine with a CDI unit. What is the 
recommended way to obtain the pulse 
signal for a system like this? 
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I have almost completed the Cur- 
rawong Valve Stereo Amplifier but I 
am having a problem obtaing the Al- 
tronics MC5337 toroidal transform- 
er. This is disappointing as I have 
already spent over $250 with another 
$200 in two weeks for the valves. 

Is there an alternative? I found one 
on the internet from NSW Photon- 
age — 160VA, 37+ 37+15+15+12 
+ 12V. Could this be used in lieu of 
the two toroidals as it has the 12V 
included? (R. W., via email). 

@ Unfortunately, the Chinese sup- 
plier of this transformer has dis- 
continued it which is inconvenient 
for everyone concerned with this 
popular project. In essence, you have 
three options: 

(1) Use a 300VA toroidal transformer 
but the plinth will have to be made 
taller. A suitable transformer would 
be Altronics MC5545 with the two 
45V and two 15V windings con- 





The engine is a Honda Rancher ATV 
and there is no tachometer. There is a 
pulse signal driven off the flywheel 
that triggers the CDI and the CDI is 
separate to the coil which has a supply 
side and a ground side and the high 
tension spark side. (P. J., via email). 
@ The input to the Frequency Switch 
would connect to the pulse signal 
that is present at the CDI input. If the 
Frequency Switch does not trigger off 
this, change the 3.3kQ resistor at pin 
11 of IC1 to a smaller value. A value 
of 1kQ should increase sensitivity to 
672mV rather than the original 1.8V 
with the 3.3kQ resistor. 


Switch function query 


on remote control switch 


I have completed building the UHF 
Remote Controlled Mains Switch 
as published in your February 2008 
issue. What I would like to know is 
what switch S4 does. I would like to 
change the time from the switched 
time by adjusting S3, leave it, and run 
continuous mode by switching outside 
the case using the push of the button. 
Can this be done? Does S4 do this? (R. 
M., via email). 

e@ S4 is a manual on/off switch. If 
you do not want the timer to operate, 
set S3 to position 0. This causes the 
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nected in series. This would allow 
for a total output of 120V which 
would give a slight improvement in 
output power. 

(2) Use the 160VA Altronics M5345 
in combination with a separate 
smaller transformer (15-18V) in se- 
ries. The smaller transformer would 
need to be able to handle the full load 
current though of at least 1A. This 
might be a bit of a squeeze although 
the 18V transformer could be quite 
small (eg, a 30VA toroid). 

(3) Use one of these 160VA trans- 
formers from element14: 


http://au.element14.com/nulticomp/ 
mcta160-55/transformer-toroidal- 


2-x-55v-160va/dp/9530703 and 
http://au.element14.com/multi- 
comp/vtx-146-160-155/transformer- 


160va-2x-55v/dp/1675081 
No extra windings are necessary as 


the two secondaries combined pro- 
duce ~110VAC which is sufficient. 





mains to switch on continuously and 
off continuously with each alternate 
pressing of S4. Presumably, this is just 
what you are wanting it to do. 


LM386 power 


output confusion 

One of my customers raised the ques- 
tion of the output power of the LM386 
used in the Champ project (SILICON 
Cup, February 1994). The text states 
that it is a maximum of 500mW at 9V. 
Fig.3 shows various supply voltages, 
output power and dissipation. 

I cannot make out the chip used 
in the published article and the cur- 
rent TI data sheet states: LM386N-1 
6V/8R/325mW typical, LM386N-3 
9V/8R/700mW typical. Can you please 
advise? (J. B., via email). 

@ The power output graphs for an 
8-ohm load are shown in Fig.3 of 
the Champ article. They show the 
maximum power output as 325mW 
for 6V and 700mW for 9V at the 10% 
distortion level. The article quotes it as 
500mW at 9V into 8-ohms and this is 
amore realistic power estimate where 
distortion is less than 3% and it is ex- 
pected that this power can be delivered 
into 8-ohms with a 9V supply with a 
-1 or -3 device under music signals. 
Given that the -3 version is now 


cheaper than the -1 version, this would 
be the preferred option. The -1 ver- 
sion was used in the original Champ 
prototype. 

Regarding the different power out- 
put ratings, these are for a continuous 
sinewave signal: LM386N-1 6V/8R/ 
325mW typical; LM386N-3 9V/8R/ 
700mW typical. 

Note that the 325mW rating for the 
-1 device and the 700mW rating for the 
-3 device are for different supply volt- 
ages and so are not easily compared. 


Search for power 


controller circuit 

I have lost an old issue of SILICON 

Cure which described a 240VAC uni- 
versal motor controller for power tools. 
This design used a TL494 PWM chip 
and a BUP50 IGBT to make a very sim- 
ple and good power controller. Could 
you tell me which issue this was this? 
(L. G., via email). 
@ We have searched through our is- 
sues that describe 240VAC universal 
motor speed controls and cannot find 
one that used the TL494 and BUP50. 
Actually, we don’t think that BUP50 
is a valid IGBT type number. 

The closest is the November 1997 
full-wave speed controller that used a 
BUP213 IGBT but did not use a TL494. 
The other is the May 2009 version that 
used a FGA25N120 IGBT. Our latest 
controller and the one we recommend 
is from February 2014. 

We have described 12/24VDC mo- 
tor controllers that use the TL494 and 
a Mosfet (but not an IGBT) but these 
don’t fit the 240VAC universal motor 
requirement. 


Garbage bin reminder 


is confused 

I have had my Garbage Bin Re- 
minder (SILICON CHIP, January 2013) 
working for some time and I noticed 
that things did not seem correct when I 
finished it. Unfortunately, I didn’t have 
the time to play with it then. 

Recently, I had to change the battery 
and I noticed that the programming 
steps don’t work the way you have 
stated, eg, do you keep the Clear All/ 
Program button pressed all the time if 
you want to exclude a LED and press 
that LED button? 

I have noticed that the LEDs don’t 
flash once when I hold the Clear All/ 
Program button but do so when I 
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MARKET CENTRE 


Cash in your surplus gear. Advertise it here in SILICON CHIP 











FOR SALE 





tronixlabs.com - Australia’s best value 
for hobbyist and enthusiast electronics 
from adafruit, DFRobot, Freetronics, 
Raspberry Pi, Seeedstudio and more, 
with same-day shipping. 





MOVING SALE: bargains galore on our 
new website. We have to reduce our 
stock. Audio & video equipment, cables, 
components, mag’s, books, etc. 
www.questronix.com.au 








PCBs MADE, ONE OR MANY. Any 
format, hobbyists welcome. Sesame 
Electronics Phone 0434 781 191. 
sesame @sesame.com.au 
www.sesame.com.au 











PCB MANUFACTURE: single to multi- 
layer. Bare board tested. One-offs to 
any quantity. 48 hour service. Artwork 
design. Excellent prices. Check out our 
specials: www.|delectronics.com.au 





LEDs: BRAND NAME and generic 
LEDs. Heatsinks, fans, LED drivers, 
power supplies, LED ribbon, kits, com- 
ponents, hardware, tritium markers. We 
can order almost anything in! www. 
ledsales.com.au 





PCBs & Micros: SILICON CHIP Publica- 
tions can supply PCBs and programmed 





WORLDWIDE ELECTRONIC COMPONENTS 
After 30 years am closing down, so massive price 
reductions to clear stock. 1/4 Watt Resistors $0.55 
per 100; 0.6W 1% Metal Film Resistors $1.10 per 
100; Batteries & PCB Products — Perth Metro or 
Pick Up Only. All other items 50% off Catalogue 
Price. Minimum Purchase $11.00 + Freight. 


www. iinet.net.au/~worcom 


microcontrollers for recent projects and 
some not so recent projects: www. 
siliconchip.com.au or phone (02) 
9939 3295. 








WANTED 





WANTED: EARLY HIFIs, AMPLIFIERS, 
Speakers, Turntables, Valves, Books, 
Quad, Leak, Pye, Lowther, Ortofon, 
SME, Western Electric, Altec, Marantz, 
McIntosh, Tannoy, Goodmans, Wharfe- 
dale, radio and wireless. Collector/ 
Hobbyist will pay cash. (07) 5471 1062. 
johnmurt @highprofile.com.au 


KIT ASSEMBLY & REPAIR 











VINTAGE RADIO REPAIRS: electri- 
cal mechanical fitter with 36 years ex- 
perience and extensive knowledge of 
valve and transistor radios. Professional 
and reliable repairs. All workmanship 
guaranteed. $10 inspection fee plus 
charges for parts and labour as required. 
Labour fees $35 p/h. Pensioner dis- 
counts available on application. Contact 





Leaders in Essential Electronic Components 
Reduce Your Costs On 





Free Delivery Available 


Safe . Secure . No Form Filling 


Alan on 0425 122 415 or email bigal 
radioshack @ gmail.com 





KEITH RIPPON KIT ASSEMBLY & 
REPAIR: 

* Australia & New Zealand; 

* Small production runs. 

Phone Keith 0409 662 794. 
keith.rippon @ gmail.com 








DAVE THOMPSON (the Serviceman 
from SILICON CHIP) is available to help 
you with kit assembly, project trou- 
bleshooting, general electronics and 
custom design work. No job too small. 
Based in Christchurch, NZ but service 
available Australia/NZ wide. Phone 
NZ (+64 3) 366 6588 or email dave@ 
davethompson.co.nz 





ee eee ee ee ee 


‘ ADVERTISING IN MARKET CENTRE : 


| Classified Ad Rates: $32.00 for up to 20 words plus 95 cents for each additional word. Display ads in Market Centre J 
(minimum 2cm deep, maximum 10cm deep): $82.50 per column centimetre per insertion. All prices include GST. 

r Closing date: 5 weeks prior to month of sale. To book, email the text to silicon @siliconchip.com.au and include your I 
name, address & credit card details, or phone Glyn (02) 9939 3295 or 0431 792 293. 
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press the Clear All/Program for more 
than six seconds and then release it. 
If I then press the LED button to be 
excluded, after a few seconds it will 
flash and go off. 

The other query is are the LEDs sup- 
posed to flash differently for weekly 
and alternate week/fortnightly re- 
minders? And what is the Clear/Prgm 
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button on the front panel used for as it 
not mentioned anywhere in the notes? 
Finally, has the firmware been updated 
from 1911112A? (R. S., via email). 

@ The actual way the reminders are 
set is complicated due to the fact that 
the set-up is just with switches and 
LED indication, rather than via a more 
expensive alphanumerical display that 


would make schedule programming 
easier. 

The steps detailed on pages 60 and 
61 of the January 2013 issue do detail 
the schedule programming procedure. 
Both weekly and fortnightly settings 
have the LED flash once. The Clear 
All/Program button is held for 6s with 

continued page 96 
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Notes & Errata 


6-Digit Retro Nixie Clock Mk2, 
February-March 2015: the articles 
stated that GPS modules with RS-232 
output levels were not suitable for 
use. However, we have now man- 
aged to incorporate support for such 
modules into the final software. 

Note that a resistor of around 
4.7-10kQ must be placed in series 
with the GPS module’s TX line (ie, 
the wire to pin 3 of CON7, marked 
“TX” on the PCB) to avoid damaging 
the microcontroller. The micro will 
auto-detect inversion state and baud 
rate (4800 or 9600). 


Ask SILICON CHIP 


, . » continued from page 95 


the LEDs then each flashing once in 
sequence. 

Continue to hold the Clear All/Pro- 
gram switch when you need to disable 
an indicator and press its correspond- 
ing Clear/Prgm button as detailed in 
step 2. Note that there is not just a 
single Clear/Prgm button but one as- 
sociated with each indicator LED. In 
other words, the Clear/Prgm buttons 
are located with each LED and are used 
to enable or disable an indicator LED. 

The Clear All/Program switch, when 
briefly pressed for under 6s, is used to 
clear the flashing “bin-out” LEDs once 
you put these bins out for collection. 

There are no software updates for 
this design. 


1.5V power 
supply wanted 


Ihave a voltage sensitive transmitter 


Note also that there is no pull-up 
resistor on the MCLR pin (pin 1) of 
1C1; while the data sheet suggests one 
may be necessary, we have found it 
works fine without. If you want to 
add one, it can be soldered between 
pins 1 & 2 of CON3. 


Currawong 2 x 10W Stereo Valve 
Amplifier (November 2014-January 
2015): in the November 2014 issue on 
page 32, circuit diagram Fig.2 shows 
T1’s secondary voltages incorrectly. 
The two bottom windings should be 
shown as 15VAC, not 37VAC. 


that is powered by a single AA battery. 
As the battery ages the transmitter 
becomes unstable. 

I want to use the Tx in my car and 

run it from the vehicle battery. Have 
you ever produced a stable 12V to 
1.5V supply that I could use? I have 
been looking at a simple circuit using 
a voltage regulator but find that volt- 
age regulators only go down to 5V. 
The required current consumption is 
negligible. (K. J., via email). 
@ You can use an LM317 to provide 
a 1.25V supply directly or slightly in- 
crease this using a couple of resistors. 
The Adjust-to-Out terminal resistor 
value should be 120Q or 1002 to en- 
sure sufficient minimum current for 
the regulator. 

Alternatively, a shunt regulator con- 
sisting of aresistor connected in series 
with three 1N4148 or 1N4004 diodes 
across the 12V rail will give a nominal 
1.5V supply across the diodes. If the 
transmitter’s current drain is minimal 
(less than 5mA), then a 1kQ 0.5W resis- 
tor can be used. sc 


WARNING! 
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SILICON CHIP magazine regularly describes projects which employ a mains power supply or produce high voltage. All such 
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Readers are warned that high voltage wiring should be carried out according to the instructions in the articles. When work- 
ing on these projects use extreme care to ensure that you do not accidentally come into contact with mains AC voltages or 
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are advised not to attempt work on them. Silicon Chip Publications Pty Ltd disclaims any liability for damages should anyone 
be killed or injured while working on a project or circuit described in any issue of SILICON CHIP magazine. 


Devices or circuits described in SILICON CHIP may be covered by patents. SILICON CHIP disclaims any liability for the in- 
fringement of such patents by the manufacturing or selling of any such equipment. SILICON CHIP also disclaims any liability 
for projects which are used in such a way as to infringe relevant government regulations and by-laws. 


Advertisers are warned that they are responsible for the content of all advertisements and that they must conform to the 
Competition & Consumer Act 2010 or as subsequently amended and to any governmental regulations which are applicable. 
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Build a robot rover 
in one evening 


Then take it out for a test ride while the sun sets. See it zip around, equipped with a sense of 
sight, sound, smell, speed, heat or cold; or thunder detection, speech recognition... whatever 
you imagine, there's probably a sensor or transceiver click” board that can do it (there’s more 
than a 100 available), Just plug one in to add a function. Zero hardware setup. And you choose 
the MCU for the driver's seat. Introducing the Buggy - a dream car for makers and hackers. 
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WERKE SSFSo) 
ESSENTIALS 


PDS-2B - Bush Driver Set 


° 17 Piece 
¢ 10 - 42mm 


$46.20 


P030 


PDS-3BS - Bearing Race 
& Seal Driver Set 


¢ 10 Piece 
© 39.5 - 81mm 


$64.90 


{ ° 


Coarse beads (S295) 
© 25kg 

¢ 20 - 40 bead size 
Medium beads (S296) 
© 25kg 

© 30 - 60 bead size 


$29.70 -$29.70* 


S295 S296 


Chain Blocks 
* G80 load chain ¢ Swivel hook 
* Ball bearing load wheel 


HS-S 1T3M_ HS-S 1T6M 
1Tx 3M 1T x 6M 


$440.00 $143.00 


MGT-1T - Mobile 

Girder Rail 

* 1 tonne load capacity 

© 2500-3600mm adjust. height 

¢ 2300mm width inside frame 

© Swivel wheels with brake 

¢ Includes 1T x 3M chain block 
& 1T girder trolley 


08... e 


G80 LOAD 
CHAIN 


HS-S 2T3M 
2T x 3M 


$181.50 


PP-10HD 
Workshop 
Hydraulic Press 
¢ 10 Tonne 

¢ Bench mount 

¢ 180mm ram stroke 
¢ Adjust. ram position 


$352.00 


WBS-3D 


aN $449.90 


A380 


4 ay 


SB-200 

Sandblasting Cabinet 

* Heavy-duty steel cabinet 

© 835 x 510 x 360-550mm 
blast area 

¢ Includes light, tempered , 
glass screen, gloves gun 
& ceramic nozzle 


$319.00 


[299 > 


¢ Portable 


oe 


Lg 
\ 


SUPER 12 

Air Compressor 

¢ 348 L/min V-twin pump 
¢ 120psi pressure 

¢ 2.2hp, 240V motor 


$869.00 


60 LITRE 
Ls 


LP-900 

Industrial Wall Backing Panels 
- Louvre Type 

© 900 x 456 x 20mm - 2 Piece 

¢ Inc. 43 plastic buckets 

* Mounts to vertical walls 


$396.00 


ACCESS TO: 
GAIN seoues 


Steel Work Bench 
© 2000 x 640 x 870mm 

¢ Bearing slide drawers 

© Huge shelf compartment 


3 LOCKABLE 
DRAWERS 


WDV-80L - Industrial Wet 


& Dry Vacuum Cleaner 
© 2000W 240V motor 


on wheels 


¢ 80L stainless steel tank 
* Include: brush, crevice 
tool,wet & dry floor nozzle 


$418.00 


< ss" 


PTB-32 

Parts Bin 

© 466 x 222 x 642mm 

* 10kg load capacity per bin 
¢ Includes 32 bin dividers 


$242.00 


OTHER SIZES 
AVAILABLE 


PBK-10T - Hydraulic Panel 
Beating Kit 
¢ Hydraulic pump with hose 
¢ Includes 10T ram & 13 various 
attachments a ot 
* Complete in ~ 
carry case 


$231.00 


A367 


sSpCc-2D 

Steel Service Cart 

¢ 930 x 530 x 955mm 

* Key lockable top table 

* Ball bearing drawer slides 

* 4 wheels (2 with swivel & brake) 


$330.00 


IWB-12 Industrial Work Bench, 
Backing Panel & Storage Accessories 


Bench (1200 x 750 x 900mm).. 


Backing Panel 

4 x Single Prong Hook.. 
4 x Double Prong Hook. 

1 x Triple Prong Hook 

1 x Spanner Holder 

1 x Screw Driver Holder... 


Plastic Buckets 

4x (110 x 105 x 50mm).. 
4x (140 x 105 x 75mm)... 
6 x (220 x 140 x 125mm) 


$640.20 


PACKAGE PRICE 


(A415) 
.. (A416) 
(A440) 
(A442) 
(A444) 
(A446) 
w+ (A448) 


.. (A430) 
(A432) 
(A434) 


.) 


MACHINERYHOUSE.COM.AU/ SIGNUP 


Note: Discount vouchers are valid for online purchases only 


Specifications & Prices are subject to change without notification. All prices include GST and valid until 29-04-15 


NSW 
(02) 9890 9111 
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